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LACTATION STUDIES. III. VARIATIONS IN DAILY YIELDS 
OF DAIRY COWS*? 


R. E. ERB, MARY M. GOODWIN, R. A. MORRISONS anp A. O. SHAW 
Department of Dairy Science, The State College of Washington, Pullman 


Most people associated with dairying realize there is a certain amount of daily 
variation in yields of dairy cows. The magnitude of these variations depends 
on management procedures (1, 2, 4, 5, 7, 10, 14, 15, 23, 24, 26), normal physio- 
logical changes in the cow (8, 9), anatomical defects of the udder and udder in- 
juries. Individual cows vary in ease and completeness of milking (6, 11, 12, 13, 
19, 20). These many factors influence the accuracy of lactation records and 
thus, indirectly, the reliability of the results for which these records are used. 

While different types of management have a marked influence on variations 
in yields, it is not so easily understood why this variation should exist for those 
herds following all the currently recommended practices. Variations in butter- 
fat test are a continual source of friction between dairymen and plant operators 
(10, 17) which shows no indication of diminishing even though considerable 
effort has been made to explain reasons for such discrepancies. 

The purpose of this study was to determine sources and magnitude of varia- 
tions in yields of cows under the same feeding and management practices through- 
out a lactation and milked two and three times daily. 


PROCEDURE 


Individual milkings of 19 Holsteins in the State College of Washington dairy 
herd (nine milked two times and ten milked three times daily) were weighed and 
tested for butterfat content for a 305-day period. Production records were 
started on the seventh day after parturition—referred to hereafter as the first day 
of lactation. The experimental period extended from October 22, 1947, through 
December 30, 1948. The cows were maintained in dry lot and received good 
quality alfalfa hay and either grass-alfalfa or pea vine silage. Grain was fed 
for near maximum production, but was not higher than 1 Ib. for each 3 lb. of 4 per 
cent milk or above 18 lb. daily for the highest producing cows. The grain mix- 
ture contained approximately 14.5 per cent crude protein. Cows showing estrus 

Received for publication June 17, 1952. 

1 Seientific paper no. 1132, Washington Agricultural Experiment Stations, Pullman. 
Project no. 1077. 

2 Acknowledgment is made to W. T. Southworth for assistance with I.B.M. analysis of 
data used for this study. 

3 Military leave of absence. 
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were segregated. Milking intervals were equai, except when occasional power 
failures caused delay. Emergency power was rather promptly available in each 
instance. The cows were machine stripped and then checked by hand stripping 
to insure as nearly as possible complete milking. Two- and three-time milkings 
were started at 2:30 a.m. and 2:30 p.m., 4:00 a.m., noon and 8:00 p.m., re- 
spectively. 

In addition, records were summarized for 15 cows milked and tested four times 
daily in various parts of the United States during the years 1914 to 1923 by 
official supervisors of the Holstein-Friesian Association. Milkings were at 6-hr. 
intervals starting between midnight and 4am. Statistical procedures were as 
outlined by Snedecor (18) with all tests of significance reported herein based 
on methods of variance. : 

RESULTS AND DISCUSSION 


Lactation curves were plotted for the three groups of cows under study. 
Since the curves for daily milk yields agree with those of Woodward (24), and the 
observations on fat test are similar to those of Weaver and Matthews (22) and 
Woodward (25) they are omitted from this report. Average daily milk yields 
increased during the first 40 to 60 days for all three groups of cows. Cows 
milked three and four times daily showed more persistency of fat yield during 
the first 80 days of lactation and greater persistency of milk yield during the 
latter part of the lactation than cows milked twice daily. Five of the cows 
milked three times daily carried calf 180 days or more as compared with four 
cows milked twice daily. This information was not available for the cows milked 
four times daily ; however, since each cow had a 365-day record, it is doubtful if 
any carried calf more than 180 days during the first 305 days of their records. 
The average fat test declined very rapidly during the first 2 wk. on test. Since 
milk yield was increasing rapidly during the same period, the average yield of 
fat and 4 per cent fat-corrected-milk (F.C.M.) was highest for the first 2 wk. for 
cows milked two and three times daily. Cows milked four times daily showed 
increase in yield of F.C.M. during the first 3 wk. on test. 

Variations between milkings. Average yields by milkings show that the cows 
milked three and four times daily gave, on the average, 0.5 and 0.8 lb. more 
milk, respectively, at the earliest morning milking as compared with the other 
milkings. Cows milked twice daily gave slightly less milk at the morning milk- 
ing. This was due to one cow that frequently gave twice as much milk at the 
evening milking. These observations are in good agreement with Campbell (3, 
4) who studied effect of hours of darkness. Average fat test was 0.09, 0.18 and 
0.23 per cent lower at the earliest a.m. milking compared to the average of the 
other milking for cows milked, respectively, two, three and four times daily. 
This increase may be partially accounted for by exercise, since Woodward (23) 
noted increases in fat test when cows were forced to walk.3 miles. Exercise 
should have been minimal in this experiment (unknown for cows milked four 
times daily), since the cows spent a major portion of their time in the barn and 
no time grazing. 

Variation by days in lactation. The standard error of estimate (sy.x) was de- 
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termined for each of the 19 cows milked two and three times daily (table 1). 
Cow 243 was omitted from all statistical analyses because of intermittent attacks 
of ketosis for the first 5 mo. of the lactation. There was considerable difference 
between cows. There was no significant difference attributable to age or times 
milked daily for average daily variations in yield of fat and milk when cor- 
rected for average lactation decline. It is realized that sy is too high for milk 
yield, since the curve is not linear—particularly during early lactation. How- 
ever, estimates of monthly yields are most generally based on one milk weight 
and one fat test per month. Since the initial supervised test can occur more or 
less at random during the first 2 to 6 wk. of lactation, the results of a linear cor- 
rection would seem to have the more practical application. The sy.x for fat test 


TABLE 1 


Average yields and standard errors of estimate (sy, on a cow per day basis) for 19 Holstein 
cows 


305-day lactation yield 


Cow no. 


Age Mik Fat x 

(yr.-mo.) (Ib.) (1b.) (%)  (%) 

243 2 6-5 15166 10.2 460.3 0.31 3.04 0.63 
270 2 3-10 13207 4. 449.9 0.21 341 0.51 
284 2 2-6 14333 «5.4 495.0 0.16 345 0.46 
229 2 6-9 13461 3.1 503.4 0.05 3.75 0.35 
283 2 2-5 10118 331.4 0.04 328 0.35 
267 2 3-11 13236 484.3 0.17 3.66 0.37 
285 2 2-6 10969 403.7 0.12 3.68 0.35 
903 2 2-9 10710 3.9 3932 0.16 3.67 0.50 
245 2 6-0 14966 500.9 0.16 3.35 0.37 
280 3 2-9 14345 479.9 0.03 335 0.21 
207 3 8-2 18513 5.8 642.7 0.25 347 0.31 
236 3 6-5 24430 4.0 802.7 0.23 3.28 0.27 
274 3 3-2 19326 3.2 542.0 0.16 280 0.21 
268 3 16368 3.9 564.5 0.15 345 0.33 
251 3 5-9 20573 «5.1 664.0 0.24 3.23 0.30 
290 3 2-3 12321 26 477.1 0.18 3.87 0.29 
288 3 2-5 13794 =. 514.8 0.19 3.73 0.24 
287 3 2-5 14206 =. 3.2 454.2 0.12 3.20 0.27 
278 3 3-0 14411 93.5 536.8 0.12 3.72 0.28 


averaged 0.41 per cent per day for cows milked twice daily as compared with 
0.27 per cent for cows milked three times daily. This difference was highly sig- 
nificant. When sy.x was expressed as a percentage of the average daily yield 
and subjected to analysis of variance, these cows showed no significant differences 
attributable to yield or age. It is realized these two factors are confounded, but 
the two combined accounted for only 1.5 per cent of the total variation. The 
average variation (sy.x/daily mean) for milk, fat and percentage fat was 7.6, 
9.0, 9.6 per cent, respectively. Average daily yield of milk was significantly less 
variable than fat or percentage fat. Level of production was divided into a 
lower half and upper half by times milked, in order to prevent confounding 
with times milked. The average variability was 8.6 per cent for the lower pro- 
ducers and 8.8 per cent for the higher producers. By this analysis, cows milked 
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TABLE 2 
Average variation (s-b/mean daily yield) between cows milked 2- and 3-times daily 
Component of yield 
Times No. of 
seconds Milk Fat Per cent fat Combined 
(%) (%) (%) (%) 
2 8 7.9 9.1 11.6 9.5 
3 10 7.4 8.8 8.0 8.1 
Total 18 7.6 9.0 9.6 8.7 


twice daily varied significantly more than cows milked 3 times daily. This was 
predominantly due to the greater variation in fat test (table 2). This is con- 
firmed by the earlier observation that milk and fat variations were non-significant, 
but the fat test was, between cows milked two and three times daily. 

The foregoing analyses yielded valuable information relative to differences 
between times milked, age and level of production with respect to average daily 
variations around normal lactation decline curves. However, it does not tell 
the whole story. D.H.I.A. and Herd Improvement Registry (H.I.R.) methods 
use 1-day milk weights and one test per month. The question is whether some 
stages of lactation yield more error in estimation of yields than do other stages. 
To answer this question, the standard deviation was determined for each of the 
ten monthly test periods for each cow, using daily yields for each calendar month. 
The limits of one, two and three standard deviations from the mean for milk, fat 
and percentage fat are shown in figures 1,2 and 3. The data on charts are shown 


Average yield cows 
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Fig. 1. Limits of one, two and three standard deviations from the mean milk yields of 19 
cows. Daily yields by individual cows by month of lactation were used for the original cal- 
culations, 
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<—— Average yield -19 cows 
Limits -one standard deviction 
Limits-two “ 
COD Limits -three 
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Fig. 2. Limits of one, two and three standard deviations from the mean fat yield of 19 
cows. Daily yields by months of lactation were used for the original calculations. 


proportionately so that direct comparisons can be made for milk, fat and per- 
centage fat with respect to expected variability for each month of lactation. 
Analysis of variance of these data was made in two ways as previously. First, 
separate analyses were made for milk, fat and percentage fat. Then these were 
combined by expressing each as a percentage of the respective monthly means 
on a per cow per day basis. This permitted a test of significance for components 
of variation. Daily variations of milk yield within months were not significant 
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Fie. 3. Limits of one, two and three standard deviations from the mean butterfat test of 
19 cows. Daily yields by months of lactation were used for the original calculations. 
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between cows, level of production, times milked, or times milked x month inter- 
action. Daily variations x months in lactation were highly significant. The 
first month, as shown in figure 1, was considerably more variable than any of the 
other nine. A major part of this is due to increasing yields during early lacta- 
tion and represents an estimate of error expected for the first month’s yield for 
those forms of testing where daily milk weights are not reported. However 
when month 1 was omitted from the analysis, significant differences between 
months remained. Months 5 and 6 showed significantly less variation than the 
average for all 10 mo. as based on least significant mean differences using the 
mean of all months as the basis for the comparisons. 

Average variation in fat yield within months of lactation showed significantly 
more variation for the first 3 mo. and distinctly less during the last 5 mo. (figure 
2) as compared with the average for all months (P < 0.01). There also were 
highly significant variations between cows, times milked and age of cow. Times 
milked daily x months interaction was non-significant. 

Average variation in fat test was greatest for the first month and least for 
the sixth and seventh months. This is clearly shown in figure 3. In general, 
month-to-month variation was greatest during the first 5 mo. and smallest during 
the last 5 mo. There were highly significant variations between cows and months 
of lactation and significant variations between two- and three-time milking. 
There were no significant variations attributable to times milked daily x month 
interaction or to age or yield. 

Expressing standard deviation as a percentage of the daily mean shcwed that 
milk was less variable than fat for each of the 10 mo. and was less variable than 
fat test for all months except 8, 9 and 10. The variations were highly signifi- 
cant, with fat yield being the most variable. The results of these studies show 
rather clearly that if investigators are going to use partial lactation records of 150 
to 180 days in length to avoid late lactation disturbances, they also ought to omit 
the first 30 to 50 days of the lactation for the same reason. In fact, these data 
emphasize that more error of estimation occurs early in lactation, 7.e., the first 30 
days, than any other time when monthly yields are based on one milk weight 
and one test per month. The fact that fat is considerably more variable than 
milk yield or fat test indicates that higher milk yields within any small segment 
of the lactation curve are closely associated with higher fat tests, thus yielding 
a proportionately larger error for fat. This phenomenon is in addition to the 
well established fact that fat test increases as the normal yield of milk decreases 
as lactation progresses. 

Day-to-day variation. The nine cows milked twice daily were all in milk 
from March 1 to August 23, 1948, whereas the ten cows milked three times daily 
were all in milk from December 10, 1947, through August 22, 1948. The daily 
averages for milk, fat, F.C.M. and percentage fat, as shown in figure 4, clearly in- 
dieates the rather extreme variation that can occur from one day to the next. A 
variation of 0.5 per cent in average percentage fat for groups of nine and ten 
cows, respectively, is quite common. The extremes approach 1 per cent from 
one day to the next. Thus, the hazards of attempting to compare average tests 
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observed by a D.H.I.A. tester and what is observed at the plant are clearly dem- 
onstrated. These data do not include cows recently fresh or cows drying off as 
is the case where comparisons between tests at the farm and at the plant are 
made over a period of time. Neither is there a possibility that some milk is 
being taken for calf feeding or household use. In other words, this is a dem- 
onstration of day-to-day variability at its source. 


+ Average of 10 cows milked 3 times daily = Average of 9 cows milked 2 times deoily 
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DAILY VARIATION IN YIELD 


Fig. 4. Average daily variation in yield by days of the year for cows milked two and 
three times daily. (Cows in different stages of lactation.) 


Error in estimating butterfat test. It is known that fat test of Holstein 
cows is higher early in lactation and that it declines rather rapidly during the 
first 30 to 40 days. Days were selected throughout the lactation to give some 
comparative measure of daily variation from one part to the other. These data, 
as shown in table 3, reveal that one could hope to estimate fat test with + 0.8 
per cent during the second week of lactation (days 1-7) about two-thirds of the 
time. This day-to-day variability becomes more constant after 10 days for cows 
milked three times daily, but is quite variable yet at 20 days for cows milked 
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twice daily. One might question the advisability of testing cows as early as the 
seventh day after freshening, as was the case with these cows. It is realized 
that pre-partum milking for varying lengths would have an effect, but this is 
not a common management practice. Actually, a cow could gain advantage or 


TABLE 3 


Variations in fat test by day of lactation for cows milked twice and three times daily. 
(No adjustment made for inherent differences between cows) 


Day of Two times daily Three times daily 
lactation Av. test 8 Av. test s 

1 5.11 1.025 4.16 0.900 

2 5.08 0.877 4.06 1.110 

3 5.04 0.860 3.88 0.700 

7 4.91 0.748 3.79 0.600 

5 4.77 0.794 3.76 0.707 

6 4.79 0.640 3.75 0.671 

7 4.49 0.656 3.67 0.600 

8 4.24 0.707 3.54 0.592 

9 4.63 0.755 3.41 0.500 
10 4.70 0.735 3.62 0.480 
15 3.84 0.721 3.50 0.435 
16 3.81 0.980 3.50 0.497 
17 3.79 0.949 3.54 0.446 
18 3.59 0.609 3.55 0.495 
19 3.66 0.872 3.42 0.454 
20 3.78 0.686 3.37 0.423 
50 3.72 0.480 3.31 0.311 
51 3.63 0.374 3.32 0.422 
52 3.44 0.332 3.31 0.457 
53 3.43 0.155 3.38 0.421 
54 3.44 0.243 3.29 0.410 
55 3.58 0.255 3.36 0.470 
150 3.40 0.272 3.34 0.343 
151 3.36 0.202 3.46 0.365 
152 3.41 0.274 3.32 0.243 
153 3.34 0.161 3.46 0.243 
154 3.23 0.297 3.39 0.327 
155 3.31 0.266 3.40 0.362 
200 3.38. 0.170 3.23 0.345 
201 3.26 0.141 3.25 0.276 
202 3.24 0.232 3.30 0.389 
203 3.28 0.255 3.22 0.341 
204 3.34 0.338 3.22 0.288 
205 3.35 0.266 3.36 0.302 
250 3.36 0.170 3.25 0.386 
251 3.50 0.167 3.39 0.424 
252 3.54 0.167 3.28 0.345 
253 3.62 0.158 3.39 0.390 
254 3.70 0.170 3.32 0.338 
255 3.48 0.173 3.39 0.362 


disadvantage with equal opportunity. Degree of edema at freshening and other 
complications also could alter the initial yields. Perhaps to increase uniformity, 
cows should not be tested sooner than 10 to 14 days after freshening. 


SUMMARY 


Individual milkings of 34 Holstein cows were weighed and tested for butterfat 
eontent throughout a 305-day lactation period. Nine of these cows were milked 
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twice daily and 10 were milked three times daily under similar conditions of 
management and environment. Average milk yield was higher and fat test was 
lower for the early morning milkings as compared with those later in the day. 

Using standard error of estimate (sy), no significant differences were found 
in daily variation in yield of milk and fat between cows milked twice and three 
times daily. The difference in daily variation of fat test was highly significant, 
with cows milked twice daily being the most variable. The average daily varia- 
tion (sy.x/daily mean) for milk, fat and percentage fat was 7.6, 9.0 and 9.6 
per cent, respectively. Milk yield was significantly less variable than fat yield 
or percentage fat. These daily variations were not significantly influenced by 
differences in age or yield. 

The relative accuracy of milk weights for one day and one butterfat test per 
month for caleulating monthly yields was measured for individual cows. Month- 
to-month variations in yield were maximum the first month in lactation and pro- 
portionately less each succeeding month until the seventh month of lactation. 
Each of the 10 mo. showed less variation for milk than for fat yield. Butterfat 
test likewise was more variable than milk yield for the first 7 mo. of lactation. 

Day-to-day variations of 0.5 per cent in average butterfat test for groups of 
nine and ten cows were not uncommon, with extremes approaching as much as 
1 per cent from one day to the next. 

Errors in estimating butterfat test based on one test per month were more 
than twice as great during the second week after parturition as compared with 
the ninth week. This observation would lead one to question the advisability of 
testing cows as soon as the seventh day after freshening to estimate the yield for 
the first testing period. 
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LACTATION STUDIES. IV. ACCURACY OF DIFFERENT METHODS 
OF ESTIMATING LACTATION YIELDS* ? 


R. E. ERB, MARY M. GOODWIN, R. A. MORRISONS? anp A. O. SHAW 
Department of Dairy Science, State College of Washington, Pullman 


Previous papers in this series have described effects of gestation (6), estrus 
(7) and other causes of daily variation (8) in yields of dairy cows. These studies 
’ were felt necessary as a prelude to studying variations in estimating lactation 
yields by various methods. 

Accepted methods for recording yields of cows have gradually changed over 
the years. The 7-day test was shown by Yapp (17) to be a poor indicator, while 
Gaines (9) later showed that 7-day tests conducted after 60 days in lactation 
were more indicative as an estimate of lactation yields. M’Candlish and 
M’Viear (12) found that a 1-day test per month yielded results within 2 per cent 
of actual yield, and Dick (5) observed an average error of 2.32 per cent from 
actual when cows were tested at 28-day intervals. Houston (11) found that 
weekly test intervals gave estimated yields approximating actual, and that to 
keep errors within a range of 10 per cent the testing interval should not exceed 
30 days. McDowell (13) found that monthly and bi-monthly tests varied from 
actual an average of 2.91 and 3.80 per cent, respectively. Gifford (10), Cope- 
land (4), Bayley et al. (2), McKellip.and Seath (14) and Alexander and Yapp 
(1) have presented data which indicate that bi-monthly testing adequately esti- 
mates lactation yield. Alexander and Yapp (1) also reported that testing the 
second, sixth and tenth; the second and tenth; and the fourth and eighth months 
of lactation gave sufficiently accurate results to merit consideration as a means 
of reducing the cost of testing. However, to follow these suggested programs of 
testing would require at least bi-monthly visits by the supervisor. Bayley et al. 
(2) found the average percentage error in milk yield was 3.0 and 5.0 for bi- 
monthly and quarterly testing, respectively, as compared with monthly tests. 
Fat yield varied 4.0 and 6.0 per cent for the same comparisons. 

Cannon et al. (3) and Gaines (9) observed a high correlation between testing 
during the fifth month of lactation and monthly testing. McKellip and Seath 
(14), comparing the centering date and calendar month methods, found little 
difference in accuracy. Morrison (15), using eight different testing dates for 
each month, found a significant variation from actual when the calender month 
method was used, but none for the centering date method. The extremes for the 
centering date method were evenly distributed for the eight test days studied, 
which indicated it was by chance what dates happened to be high or low. The 


Received for publication June 17, 1952. 

1 Seientifie Paper no. 1133, Washington Agricultural Experiment Stations, Pullman. 
Project no. 1077. 

2 Acknowledgment is made to W. T. Southworth for assistance with the I.B.M. analyses 
of data used for this study. 

3 On military leave of absence. 


977 


978 R. E. ERB ET AL 


ealendar month method always gave estimated yields above actual when the test 
dates were early in the month and below actual when test dates were at the end 
of the month. 

From results of previous investigations, it appears that less costly means of 
testing are feasible. It was the purpose of this study to determine the devia- 
tions from actual yield of dairy cows for different methods of testing. 


PROCEDURE 


Yields of 19 Holstein cows in the State College of Washington dairy herd 
were recorded for the first 10 mo. of lactation. Ten were milked three times 
daily and nine were milked twice daily. Records of fat and milk yield were 
kept by milkings for a 305-day period starting with the seventh postpartum day, 
which hereafter will be referred to as day one of lactation. Calculations were 
made for nine cows milked twice daily to compare relative accuracy of testing at 
regular intervals of 30, 60, 90, 120 and 150 days, for 24- to 96-hr. periods with 
the first test centered on the cows’ freshening date. In addition, the calendar 
month method was used for the monthly test intervals, assuming the tester could 
have first tested the cow on any day of lactation from 1 through 40 (as frequently 
happens on H.I.R.) and at monthly intervals thereafter. This gave 40 different 
ealeulations for each of nine cows. Total calculations for each cow for the cen- 
tered methods were 31 for monthly, 62 for bi-monthly, 93 for every third month, 
124 for every fourth month and 155 for every fifth month. For example, as- 
suming a cow first could be tested on March 15 with the tester having equal op- 
portunity of first testing the cow anytime during a period of 1 mo., there would 
be a total of 31 combinations. Testing intervals after the first test were on the 
same day of each succeeding month as the day of the initial test for each of the 
31 possible combinations. This same procedure was followed for the longer in- 
tervals of testing. 

The comparative accuracy of calendar month and centering date was calcu- 
lated from average daily yields by day of lactation for nine cows milked twice 
daily, ten cows milked three times daily, and for a cow with average daily varia- 
tion which was milked twice daily (8). Since a cow could first be tested on any 
day of the month, and all cows have equal opportunity to be eligible for the 
initial test on any day of the month, this yields 961 possible testing combinations 
for the calendar month method resulting from variable freshening within a 
month and variable days within the same month a tester might appear. 

Comparison of current Herd Improvement Registry (H.I.R.) and Advanced 
Registry (A.R.) methods was made by selecting at random testing dates for each 
month of the year from the first, middle and last half of the month to approxi- 
mate what happens when herds also are testing under Dairy Herd Improvement 
Association (D.H.1.A.) (centering method) procedures. A fourth series of 
dates was selected at random from the entire month to approximate what fre- 
quently is the case for herds not doing D.H.I.A. testing. Statistical procedures 
followed were as outlined by Snedecor (16). 
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RESULTS AND DISCUSSION 


Centering date versus calendar month. The results of this study show that 
the calendar month method is approximately twice as variable as the centering 
date method (table 1). The main difference between the two methods is that it 
is possible for a cow to get anywhere from 7- to 68-days credit on the first test 
from the calendar month, and to get 21- to 51-days credit for the centering date. 
Cows first tested at the time they reach maximum milk yield will be overcredited 
by both methods. The overcrediting becomes maximum if the cows do not reach 
maximum production until 60 days in lactation, as was the case for this group 
of cows. Since it is possible to get 17 days more credit on initial test for the 
calendar month method, the possible error in estimation is proportionately 
greater. Since test drops rapidly (8) and reaches minimum at the time of maxi- 
mum milk yield, fat yield is underestimated while milk is being overestimated. 
Cows tested early in the month to coincide with centering dates gain a distinct 
advantage when the same test dates are used for calendar month calculations. 
The reverse is true when test dates are near the end of the month. A third factor 
introducing differences between the two methods is the last testing period, where 
days of credit can on occasion be 15 days longer for the calendar month method. 
This causes no particular advantage when tested early in the month, but if a 
herd owner anticipates the tester and dries his cow off a day or two in advance, 
further error could be induced: For the method of calculation used in this 
study, the time first tested exerted the major influence. The errors by either 
method are negligible, but a standard method is indicated in the interests of uni- 
formity when production credits are being calculated on the same cow using the 
same testing days. 

Calculations made on daily averages of nine and ten cows, respectively, com- 
pare the two methods with respect to herd averages or to averages of a like num- 
ber of daughters of a bull. Cow 267, showing average daily variation for the 
group of 19 cows (8), is presented as a typical example (table 1). The center- 
ing date method shows only one-half as much variation as the calendar month 
method. While the limits shown would be less for cows with less daily variation 
and more with highly variable cows, the proportional relationship between the 
two methods would be approximately the same. 

Comparison of testing intervals. The centering method, based on day of 
freshening, was used to compare 30-, 60-, 90-, 120- and 150-day intervals of test- 
ing. The percentage error exceeded one time in four in estimating milk yields 
of individual cows was 2.4, 3.4, 5.6, 7.4 and 8.8 for the 30- to 150-day intervals 
of testing, respectively. The error in estimating fat yield was 1.2 to 2.5 per cent 
greater than for milk yield. The comparisons for 30- and 60-day intervals to 
actual are in good agreement with McDowell (13) and M’Candlish and M’Vicar 
(12). The comparison of testing every 90 days is in reasonable agreement with 
Bayley et al. (2) who used D.H.I.A. records for the error estimates. The results 
are not comparable with those of Alexander and Yapp (1), since they did not 
use all possible combinations of testing dates. 
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The effect of testing 48, 72 and 96 hr. at each test interval was studied for the 
30-, 60- and 90-day intervals of testing (table 2). The reduction in error based 
on actual yield was small, ranging from 0.7 per cent for milk to 1.8 per cent for 
fat. Increasing the length of the supervisory period for any interval of testing 
would not seem economically feasible. 

The increase in error with length of testing interval is closely related to time 
the cow is first tested after freshening. This is rather clearly demonstrated in 
figures 1, 2 and 3 for the 60-, 90-, 120- and 150-day intervals of testing. Estima- 
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DAY OF LACTATION WHEN FIRST TESTED 
Fig. 1. Effect of time first tested and days of continuous supervision on accuracy of 
60-day testing intervals. 


tion of milk yield is not grossly affected by 60-day intervals. However, fat yield 
is, on the average, overestimated when the cow is first tested early in lactation 
and underestimated when the cow is first tested toward the end of the second 
month of lactation (fig. 1). Milk yield is underestimated for the 90-day interval 
when first tested anytime during the first month of lactation (fig. 2). This 
changes abruptly to overestimation if the first test occurs during the second 
month. This gives a testing pattern of the second, fifth, and eighth months of 
lactation and changes the number of supervisions from four to three times per 
305-day lactation. 

Both milk and fat yields are overestimated for the 150-day testing intervals 
when the first test occurs during the first 2 mo. of lactation. Both are under- 
estimated when the first test occurs during the fourth or fifth month of lactation 
(fig. 3). Milk yield is overestimated for the 120-day test intervals when the 
cow first is tested between 60 and 90 days in lactation (fig. 3). The aceuracy of 
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testing the second, sixth and tenth months of lactation (120-day intervals) as 
reported by Alexander and Yapp (1) may be compared with observations from 
this study as shown in figure 3 for the first testing between 30 and 60 days of 
lactation and at 120-day intervals thereafter. The estimation of F.C.M. was in 
reality very close to actual when the cow first was tested anytime during the first 
60 days of lactation, but milk yield was closer to actual when cows were first 
tested the second month of lactation. From the data shown in figures 1, 2 and 3, 
it would seem possible to develop correction factors for the various testing pat- 
terns that would occur if herds were tested only three or four times per year, so 
that fewer daughters of bulls would need to be tested to get an accurate appraisal 
of their average production. 

Comparison of A.R. and H.I.R. methods of testing. The details of this study 
are summarized in table 3. There was a three- to five-fold greater range in 
maximum plus and minus deviations for the 115 calculations on 19 cows as com- 
pared to the average of these deviations. Maximum deviations when estimating 
fat and F.C.M. yield were approximately twice greater for the H.I.R. method as 
compared to the A.R. method. On the average, however, the difference in ac- 
curacy between A.R. and H.I.R. methods is not great being 120 lb. of F.C.M. 
for the 24-hr. test, and 99 lb. for the 48-hr. test, or less than 1 per cent when 
compared with actual yield. The two methods can be compared directly for 
estimation of fat yield where the differences are even smaller—2.2 and 1.7 lb., 
respectively, for the 24- and 48-hr. tests. The merit of the A.R. test seems 
greatest because milk yield is known accurately if reported accurately; and, 
since the test requires a preliminary dry milking, it allows for closer supervision. 
The latter would seem to be the major consideration; but, since the supervisor 
records several previous days’ milk weights, there is opportunity to suspect herd 
owners who try to ‘‘pad’’ milk weights. The time of month a herd is tested 
seems to be as important a consideration as any. As further shown in table 3, 
selecting testing dates from the entire month A, gave the lowest average deviations 
but the highest maximum deviations. Testing during the first half of the month, 
B, tended to overestimate yield of milk and fat for the H.I.R. method and under- 
estimate when testing during the last half of the month, D. The difference would 
be considerably greater for those herds on both D.H.I.A. and H.I.R. when the 
centering date was the first day of the month or the last day of the month. The 
difference in milk yield for this study was 1.2 per cent, which represents an 
average difference for only 2 instead of 4 wk. Fat yield is not greatly different 
because as milk yield declines, average fat test increases with advancing lacta- 
tion (8), thus making the errors compensating to a certain extent. 

The summary of analysis of variance using maximum deviations from actual 
yields for each of the 115 calculations on a total of 19 cows as shown in table 4 
reveals a highly significant difference between cows for milk, fat, percentage 
fat and F.C.M. Percentage fat was more variable for twice daily milking 
(P < 0.01), which is in agreement with more detailed calculations presented 
earlier (8). The A.R. test was more accurate (P < 0.01) for estimating fat and 
F.C.M. yield, and the 48-hr. test was more accurate for estimating fat yield 
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(P < 0.01) and F.C.M. yield (P < 0.05) but did not show a significant differ- 
ence for milk yield. The period of the month tested showed no significant dif- 
ference for milk and fat test but was significantly different for estimating yield 
of fat and F.C.M. 


SUMMARY 


Individual milkings of 19 Holstein cows were weighed and tested for butterfat 
content throughout a 305-day lactation period. These data were used to compare 
the relative accuracy of the following methods of testing: (a) calendar month; 
(b) centering date for 30-, 60-, 90-, 120- and 150-day testing intervals with a 
24- to 96-hr. continuous test at each testing interval; and (c) H.I.R. and A.R. 
using 24- and 48-hr. testing each month and testing dates selected at random 
from the first, middle and last half of the month and from the entire month. 

The calendar month method showed twice as much variation as the centering 
date method, but the former is not likely to be in error more than + 5 per cent 


TABLE 4 
Statistical swmmary of table 3 
Variable DF. Milk Fat 
Cows 18 ee 
Times milked 1 ns. ns. 
A.R. x H.LR. 1 ns. 
24-x 48-hr. test 1 ns. 
Period of month 3 ns. * n.s. 
Times milked x 24- and 48-hr. test ....... 1 LS. ns. 
Times milked x A.R. and H.L.R. . n.s. 
A.R. and H.I.R. x 24- and 48-hr. test .. 1 ns. n.s 
Cows x A.R. and H.L.R. . ns. 


** Significant at the 1% level of probability. 
* Significant at the 5% levei of probability. 
n.s. Non-significant. 
.. Comparison not applicable. 


for F.C.M. in 25 per cent of the records, nor more than + 12 per cent in 1 per 
cent of the records. Herd averages of nine or more cows would not be in error 
more than + 5 per cent 1 per cent of the time. The centering date on the same 
basis would show less than half this amount of variation. 

The percentage error in estimating milk yield exceeded by 25 per cent of the 
records was 2.4, 3.4, 5.6, 7.4 and 8.8 for the 30-, 60-, 90-, 120- and 150-day testing 
intervals, respectively. Comparable error for fat yield was 1.2 to 2.5 per cent 
greater. 

The effects of 24- to 96-hr. testing at each test interval reduced the error less 
than 1 per cent for milk and less than 2 per cent for fat when the 96-hr. test 
was compared with the 24-hr. test for each of the testing intervals studied. 

The accuracy of the 90-, 120- and 150-day intervals of testing is grossly in- 
fluenced by the stage of lactation in which the cow is first tested. 

The A.R. method of testing (one test per month), which includes a prelim- 
inary milking and reporting of daily milk weights, is on the average only slightly 
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more accurate for estimating fat yield than the H.I.R. method and is less than 
1 per cent more accurate in estimating F.C.M. yields. 

Cows gain advantage when always tested at the first of the month compared 
with cows always tested at the end of the month. This is a source of variation 
when H.I.R. credits and D.H.I1.A. credits are based on the same aaily test period. 

The data used in this study show good agreement with other published re- 
ports where comparisons can be made. This indicates the comparisons reported 
in this study would be applicable to average conditions. 
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THE EFFECT OF HEAT ON MILK AS A CULTURE MEDIUM FOR 
LACTIC ACID BACTERIA? 


E. M. FOSTER 
Department of Bacteriology, University of Wisconsin, Madison 


Several decades ago it was assumed that bacteria grew better in raw than in 
heated milk, the growth becoming progressively poorer as the heat treatment was 
inereased (2,7). More recently the pendulum has swung in the opposite direc- 
tion because practically all investigators of this subject have shown improved 
growth of organisms in milk subjected to heat treatments intermediate in severity 
beween ordinary pasteurization and momentary boiling. This improvement is 
attributed to the destruction of one or more inhibitory components naturally 
present in raw milk. Morris (9) lists three of these bactericidal or bacteriostatic 
factors, the most resistant being destroyed by: heating to 70 to 75° C. for 30 to 
60 min. (6, 10, 12). 

The effect of temperatures above 70° C. has not been studied extensively out 
the available reports show considerable lack of agreement. For example, Ham- 
mer and Baker (5) and Rice (11) found little difference in acid production 
by lactic cocci in milk samples heated in the range 70 to 100° C. for various times. 
Knudsen and Sérensen (7), Bogdanoff (2), Orla-Jensen and Jacobsen (10) and 
Davis (3) present results that show steady improvement in acid production by 
certain lactic organisms as the heat treatment given the milk is increased even 
up to boiling for 2.5 hr. (3) or autoclaving for 15 min. at 115 to 120° C. (2, 7, 
10). Singh and Laxminarayana (15) obtained much better growth of a lactic 
streptococcus starter in milk pasteurized at 145° F. for 30 min. than in raw milk, 
and momentary boiling caused a further improvement, especially during the 
first few hours of incubation. At the other extreme, Golding et al. (4) found 
the rate of acid production by a lactic starter culture to be much slower in milk 
heated to 100° C. or above for 30 min. than in milk receiving a milder treatment. 

The study reported here was planned to investigate further the effect of rela- 
tively severe heating of milk on growth of some of the important species of lactic 
acid bacteria. The mildest treatment tried, 80° C. for 10 min., was selected on 
the basis that it should inactivate any known inhibitory substance occurring 
naturally in the milk. It had the further advantage of destroying vegetative 
contaminants which might grow and affect the test results. The other treat- 
ment used routinely, autoclaving at 115° C. for 15 min., was selected because it 
is a typical exposure to which milk is subjected during laboratory sterilization. 
After it was shown that most of the lactic organisms grew better in autoclaved 
milk, efforts were made to determine why the more severe heating was beneficial. 
Received for publication June 23, 1952. 


1 Published with the permission of the Director of the Wisconsin Agricultural Experiment 
Station. 
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MILK AS CULTURE MEDIUM 


EXPERIMENTAL METHODS 


Milk from individual cows was obtained at the barn immediately after milking. 
Mixed milk was secured from the weigh tank or a holding tank at the University 
of Wisconsin dairy. The samples were allowed to cream overnight at 5° C., 
after which the fat was removed and the skimmilk was dispensed in sterile 
bottles or large test tubes. These were heated in a deep water bath or in an 
autoclave for the required time, cooled rapidly to the desired incubation tem- 
perature and inoculated with 1 per cent of a 24-hr. culture of the test organism. 
The cultures were incubated at 30 or 37° C. depending on their optima. 

Samples of the cultures were removed aseptically at intervals during incuba- 
tion and titrated with NaOH to the phenolphthalein end point. The results, 


TABLE 1 
Acid production by two strains of S. lactis in milk from individual cows 


Per cent developed acidity» 
S. lactis lowa . 8. lactis A-1 


At 21 hr. At 45 hr. At 21 hr. At 45 hr. 


As 80° A-80¢e A 80 A-80 A 80 A-80 A 80 A-80 


0.58 0.44 0.14 0.69 0. 0.14 0.42 0.40 0.02 0.63 0.58 0.05 
0.43 0.14 0.29 0.51 0. 0.20 0.30 0.15 0.15 0.45 0.27 0.18 
0.50 0.33 0.17 0.67 0. 0.12 0.39 0.33 0.06 0.55 0.50 0.05 
0.56 0.32 0.24 0.62 0. 0.12 0.41. 0.33 0.08 0.58 0.49 0.09 
0.35 0.07 0.28 0.60 0. 0.32 0.28 0.04 0.24 0.52 0.29 0.23 
0.56 0.24 0.32 0.68 0. 0.24 0.33 0.24 0.09 0.58 0.42 0.16 
0.55 0.40 0.15 0.70 0. 0.13 0.33 0.20 0.13 0.57 0.46 0.11 
0.37 0.07 0.30 0.55 0. 0.38 0.27 0.07 0.20 0.50 0.25 0.25 
0.55 0.15 0.40 0.60 0. 0.30 0.13 0.20 0.26 0.30 


0.25 0.22 0.13 0.16 


a J =Jersey, A= Ayrshire, G = Guernsey. 

b Titratable acidity of the culture minus that of the milk at the time of inoculation. 
¢ Milk autoclaved for 15 min. at 115° C. 

4 Milk heated at 80° C. for 10 min. 

e Value for autoclaved milk minus that for 80° C. milk. 


calculated as lactic acid, are expressed as per cent developed acidity to eliminate 
the effect of differences in initial acidity of the milk caused by variations in the 
heat treatments. This figure was obtained by subtracting the initial titratable 
acidity of the heated milk from that of the culture. 


RESULTS 


Acid production by various lactic acid bacteria in heated milk. Table 1 
shows that two strains of S. lactis produced more acid in autoclaved milk from 
individual cows than in the milk heated to 80° C. The differences between the 
values for the two heat treatments, as shown in the columns headed A-80, were 
greater for the more active Iowa strain than for S. lactis A-1. This effect of 
strong heating was not limited to milk from individual cows but also was shown 
with herd milk and with the mixed milk supply of the dairy (table 2). 
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TABLE 2 
Acid production by S. lactis Iowa in mixed milks 


Per cent developed acidity» 
Souree of milk —_ At 21 hr. At 45 hr. 
A‘ 80¢ A-806e A 80 A-80 
Herd no. 1 1 0.33 0.19 0.14 0.52 0.38 0.14 
Herd no. 2 1 0.26 0.15 0.11 0.48 0.32 0.16 
Herd no. 3 1 0.30 0.15 0.15 
Herd no. 4 1 0.29 0.17 0.12 0.52 0.36 0.16 
2 0.47 0.16 0.31 0.60 0.30 0.30 
U.W. dairy mixed milk supply 1 0.30 0.19 9.11 0.54 0.34 0.20 
2 0.53 0.20 0.33 0.68 0.34 0.34 
3 0.41 0.20 0.21 0.61 0.51 0.10 
+ 0.50 0.18 0.32 0.67 0.33 0.34 
5 0.49 0.35 0.14 «60.56 


«Samples of herd milk were taken from the weigh tank. The mixed milk was sampled 
from the holding tank. 
b-e See footnotes to table 1. 


Results with other strains of S. lactis and other species of lactic organisms 
are shown in table 3. These figures are the average values of two or three ex- 
periments with each organism, but individual trials agreed closely. All of the 
cultures except S. liquefaciens and Lactobacillus casei grew much better in the 
autoclaved milk than in that heated to 80° C. S.. lactis 11 grew slowly and there- 
fore showed a low A-80 value at 21 hr., but the usual difference was apparent at 
the later reading. 

Inspection of the A-80 values in tables 1, 2 and 3 shows that the magnitude 
of the differences between the heat treatments at the 21-hr. reading remained 


TABLE 3 
Acid production by different lactic acid bacteria in mixed milk 


Per cent developed acidity 


Organism At 21 hr. At 45 hr. 

A» 80° A-804 A 80 A-80 
8. lactis Iowa 0.47 0.16 0.31 0.61 0.30 0.31 
0.35 0.12 0.23 0.48 0.24 0.24 
ae ae 0.07 0.03 0.04 0.39 0.12 0.27 
0.40 0.11 0.29 0.51 0.22 0.29 
ee | 0.25 0.11 0.14 0.42 0.23 0.19 
sc 46 Hammer 0.25 0.05 0.20 0.88 0.50 0.38 
ee 0.35 0.16 0.19 0.52 0.31 0.21 
Oe 0.29 0.09 0.20 0.44 0.20 0.24 
S. thermophilus 0.54 0.22 0.32 0.64 0.40 0.24 
8S. durans 0.42 0.24 0.18 0.50 0.45 0.05 
8. liquefaciens 8 0.47 0.70 -0.23 0.61 0.75 -0.14 
815 0.48 0.71 -0.23 0.62 0.73 -0.11 
L. casei 0.18 0.23 -0.05 0.80 0.91 -0.11 
L. lactis 0.69 0.12 0.57 1.04 0.44 0.60 
L. acidophilus 0.73 0.12 0.61 1.15 0.33 0.82 
L. bulgaricus , 1.56 1.06 0.50 2.38 1.51 0.87 


a-d See footnotes b to e, respectively, in table 1. 
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reasonably constant through 45 hr. In a few experiments the incubation period 
was extended to 3 or 4 days without changing the A-80 values appreciably. 
Thus, it is apparent that autoclaving caused more than a mere transitory effect. 
It produced a change of some kind that permitted a greater total amount of 
acid to be formed in the milk. 

Effect of time and temperature of heating milk on acid production by 8. 
lactis. Figure 1 shows the effect of heating mixed milk to 80, 100 and 115° C. 
for different time periods. Acid production by the test organism, S. lactis Iowa, 
increased steadily up to a certain point as the time of heating was lengthened. 
This beneficial effect accelerated as the temperature was increased. 
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Fie. 1. Acid production by S. lactis Iowa in skimmilk heated at different temperatures 
for different times. (Results of a typical experiment.) 


Excessive heating, however, was deleterious. As can be seen from the curve 
for 115° C., autoclaving for more than 15 to 20 min. resulted in decreased acid 
formation and boiling for more than 100 to 120 min. caused a decrease in the 
rate of improvement. Orla-Jensen and Jacobsen (10) also observed reduced 
acid formation in grossly overheated milk. 

Why strong heating improves milk as a culture medium. Few of the workers 
who have demonstrated improved growth of bacteria in milk heated to tempera- 
tures higher than are necessary to inactivate the known thermolabile growth in- 
hibitors have made a serious effort to determine specifically why the increased 
heating is beneficial. Most of the explanations are offered in the form of con- 
jectures based on circumstantial evidence rather than on definitive experimental 
trials. Suggested reasons for the beneficial effect of strong heat treatments in- 
volve one or more of the following: (a) Reduction of the oxidation-reduction 
potential (15); (b) inactivation of a very heat-resistant inhibitor (10); or (¢) 
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changing certain of the milk constituents to a form more readily usable by the 
organisms. Constituents that have been mentioned are lactose (10, 15), al- 
bumin (2) and proteins (10, 14, 15). 

Since strong heating drives the oxygen out of milk and causes an increase 
in the number of free -SH groups, the resulting reduced environment might be 
expected to favor growth of the microaerophilic lactic acid bacteria. Orla- 
Jensen and Jacobsen (10), however, obtained no differences in acid production 
by lactobacilli in heated milk samples incubated with varying amounts of surface 
exposed to the air. In the study reported here there was no appreciable differ- 
ence in the amounts of acid formed in autoclaved milk exposed to air for periods 
ranging from a few minutes to as long as 12 days before inoculation. 

The possibility of a very heat-resistant growth inhibitor in milk cannot be 
disearded without consideration, although Orla-Jensen and Jacobsen (10) are 
the only investigators who have seriously suggested the existence of such a sub- 
stance. Most of the evidence in the literature supports the idea that strong 


TABLE 4 
Acid production by 8S. lactis Iowa in whey and in mixed milk 


Per cent developed acidity 


No buffer added Buffer addeds 


At2lhr. At45hr. At2lhr. At45hr. 


Rennet whey 115° C.—15 min. 0.21 0.23 0.22 0.34 
80° C.—10 min. 0.16 0.19 0.18 0.38 
Acid whey 115° C.—15 min. 0.10 0.14 0.10 0.26 
80° C.—10 min. 0.12 0.18 0.11 0.27 
Skimmilk 115° C.—15 min. 0.50 . 0.65 
80° C.—10 min. 0.17 0.42 


20.5% K,HPO,. 


heating improves milk as a culture medium by making available food materials 
that the organisms cannot obtain from milk as secreted. There is no agreement, 
however, as to what these food materials might be. 

As a preliminary step to see which part of milk is influenced favorably by 
strong heating, several strains of S. /actis were grown in whole milk and in some 
of the same milk with the fat removed. Portions of each were heated to 115° C. 
for 15 min. and to 80° C. for 10 min. As usual, the organisms grew much better 
in the autoclaved milk, but the results for whole and skimmilk were identical. 
Therefore it was concluded that the beneficial effect of heat had no relation to 
the fat. 

In the next experiments the casein was removed from skimmilk by isoelectric 
precipitation with lactic acid and by coagulation with rennet. The resi ‘ing 
wheys were adjusted to pH 6.5 before and again after the customary heat tveat- 
ments. A little more acid was formed in the rennet than in the acid whey 
(table 4), but there was no marked difference in the results for the two heat 
treatments. In early experiments the total amount of acid produced in the two 
wheys was low because the pH soon reached a limiting value (4.4 to 4.6) owing 
to the low buffering action. When 0.5 per cent K,HPO, was added (table 4) 
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the total amount of acid formed was increased, but still there was no significant 
difference between the heat treatments. Autoclaved skimmilk, on the other hand, 
allowed the usual better growth. Thus, it is apparent that the beneficial effect 
of strong heating is lost when the casein is removed. The results with whey 
seem to show definitely that the albumin, globulin and lactose are not involved 
appreciably in this action of heat. 


15 MIN.) skim 
10 min.) MILK 


80°C.- 10 ACID 
WHEY 
115°C.-15 Mt 


AT 45 HR INCUBATION 


MIN) 
115°G- 18 MIN. 


& 


> 
O 
< 
a 
lu 
a 
Z 
lu 
lu 
a 


& 


8 


AT 21 HRINCUBATION 
oO 2 so 75 100 125 
ADDED NPN(MICROGRAMS PER ML) 


Fig. 2. Acid production by S. lactis Iowa in heated skimmilk and in whey enriched with 
different amounts of supplemental nitrogen in the form of Difeo peptonized milk. (Results 
of a typical experiment.) 


If it is assumed that strong heating is beneficial because it provides an in- 
creased amount of readily usable nitrogen sources for the organisms by partial 
hydrolysis of the casein, then the addition of available nitrogen compounds to 
milk heated at 80° C. for 10 min. should make it as good for S. lactis as auto- 
claved milk. If, on the other hand, autoclaving makes possible better growth by 
inactivating a heat-resistant inhibitor (10), then the addition of supplementary 
nitrogen to milk heated to 80° C. should effect no improvement. 

Figure 2 shows the results obtained when different amounts of a heat-steri- 
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lized solution of Difeo peptonized milk were added aseptically to milk and whey 
samples that had been heated as usual. Similar results were obtained by adding 
peptic digest of vitamin-free casein. Small amounts of supplemental nitrogen 
eaused a tremendous increase in-acid production in skimmilk heated to 80° C. 
Addition of only 60 to 65y per milliliter allowed as much acid to develop at 
21 hr. as oceurred in autoclaved milk with no addition. In this connection it 
should be mentioned that the NPN content of autoclaved milk exceeded that of 
the 80° C. milk by 55 to 57 y per milliliter in two trials, as measured by the 
method described by Baribo and Foster (1). Quantities of peptonized milk 
greater than 75 y of nitrogen per milliliter caused little increase in acidity, indi- 
eating that factors other than the amount of available nitrogen were regulating 
growth of the organism in these samples. 

Up to 50 y of added nitrogen per milliliter also caused an initial stimulation 
in autoclaved milk, but this was mostly just a temporary effect on the rate of 
acid production. The 45-hr. eurve shows that the total amount of acid was 
nearly the same in all tubes regardless of the quantity of added nitrogen. Orla- 
Jensen and Jacobsen (10) observed a similar stimulation from adding yeast 
autolysate to autoclaved milk and for this reason concluded that the beneficial 
effect of strong heating cannot be explained on the basis of a greater quantity of 
available food material for the organisms. Apparently, they did not consider 
the fact that the amount of readily usable nitrogenous compounds even in auto- 
elaved milk is below the optimum for most lactic organisms and therefore the 
addition of supplemental nitrogen should be expected to stimulate the initial 
rate of growth. These investigators tested their cultures only at 18 to 24 hr. If 
they had also tested them later, after the pH became limiting to growth, they 
probably would have observed little lasting effect of adding yeast autolysate to 
the autoclaved milk. 

Acid whey enriched with peptonized milk showed only a slight difference be- 
tween the heat treatments (fig. 2). In contrast to the results with skimmilk, 
autoclaved acid whey consistently showed slightly poorer acid development, sug- 
gesting the deleterious effect of heat already mentioned. Similar results were 
observed with rennet whey. The total acidity in both kinds of whey was rela- 
tively low because they were not buffered. Their final pH was 4.4 to 4.6. 

Further support for the thesis that strong heating improves milk as a culture 
medium by providing increased amounts of available nitrogen is given by the 
results in fig. 3. As usual, the test organism produced relatively little acid in 
milk heated to 80° C. for 10 min. When autoclaved milk was added to the less 
strongly heated milk in greater and greater quantities, however, acid production 
improved steadily. This is believed to mean that the amount of added available 
nitrogen in the autoclaved milk determined the rate and amount of acid formed. 
With mixtures containing greater than 2:1 ratios of autoclaved milk to that 
heated at 80° C. for 10 min., no further improvement resulted, indicating that 
some factor other than the available nitrogen supply limited acid production in 
these mixtures. If the improvement caused by adding more and more autoclaved 
milk were a simple result of diluting a heat stable inhibitor in the less strongly 
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heated milk, acid production should have continued to increase to a maximum 
in the sample containing autoclaved milk alone. 


DISCUSSION 


This report confirms earlier findings to the effect that milk is not always a 
good culture medium for certain of the lactic acid bacteria, even when it is heated 
only enough to inactivate the inhibitory constituents normally present. The 
evidence fails to support the suggestion that milk contains an especially heat- 
resistant inhibitory material (10). It is believed instead that improved growth 
in strongly heated milk results from a greater supply of readily available nitro- 
genous compounds. 
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RATIO OF AUTOCLAVED TO 80° MILK IN MIXTURE 


Fie. 3. Acid production by S. lactis in different mixtures of skimmilk heated to 80° C. 
for 10 min. and to 115° C. for 15 min. (Results are the averaged values for four trials.) 


The source of these compounds is most likely the milk proteins. The results 
do not show conclusively whether one or more proteins is inyolved, but from the 
data one must believe that casein is primarily concerned. Since denaturation 
or cooking of some proteins increases their digestibility, autoclaving might be 
expected to make the albumin and globulin more readily usable by the bacteria. 
The results with whey do not show this, however. Studies on the availability of 
individual heated proteins to microorganisms might explain specifically the bene- 
ficial effect of strong heat on milk. : 

Even less is known about the nature of the deleterious effect of heat than 
about its beneficial action. Without citing evidence, Singh and Laxminarayana 
(15) suggest that some of the breakdown products of lactose and protein pro- 
duced. as a result of heating may become inhibitory to the growth of starter or- 
ganisms. It might be just as logical to speculate that heat destroys some essen- 
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tial growth substance present in milk in limited quantity. This study has re- 
vealed nothing that would help to explain the basis of the deleterious action. 

The beneficial effect of heat is noticeable at a lower temperature or in a 
shorter time than the deleterious effect (fig. 1). Both reactions probably pro- 
eeed simultaneously but at different rates, and the former outweighs the latter 
at first because the amount of available nitrogen in the milk is the main factor 
regulating growth. As heating goes on the amount of available nitrogen con- 
timmes to increase, but eventually the deleterious action reaches a limiting point 
so that it, rather than the amount of available nitrogen, controls the growth of 
the organisms. The data for S. liquefaciens (table 3) show the deleterious effect 
in progress even with a treatment of 15 min. at 115° C., which was near the 
optimum for 8. lactis (fig. 1). The results with S. liquefaciens are not unex- 
pected because it is a proteolytic species and therefore not as dependent as the 
other organisms on additional available nitrogen. 

It has been shown repeatedly that some organisms respond favorably to auto- 
claving milk and others do not (4, 7, 10), just as some milks are inherently 
poorer culture media than others regardless of the heat treatment (10,13). Rea- 
sons for these differences are not known. It might have been expected that 
L. casei would respond to heating milk in a manner similar to that of S. lactis, 
because L. casei generally is considered to be nonproteolytic. Therefore it would 
not be expected to utilize milk proteins as such as sources of nitrogen. Even so, 
its growth was slightly poorer in autoclaved milk than in milk heated to 80° C. 
for 10 min. Middaugh (8) showed that casein obtained from milk by centrifu- 
gation stimulated acid production by two strains of LD. casei in a nitrogen-defi- 
ecient ultrafiltrate of milk, whereas S. lactis tested under the same conditions 
showed little or no ability to utilize casein in this form. Therefore, it is pos- 
sible that L. casei failed to benefit from autoclaving in this study because it was 
able to utilize the complex nitrogen sources readily. 

Many factors other than the extent of heating affect the suitability of milk 
as a culture medium for bacteria. For example, growth of the natural con- 
taminants prior to heating often effects changes which make the milk a better or 
poorer medium for starter organisms, regardless of the heat treatment applied. 
It has been observed frequently in this study and in others (7, 10) that milk 
which has been aged or otherwise held so that the normal contaminants can grow 
is a better medium than milk handled under ideal conditions. Only with the 
latter are the beneficial effects of strong heat observed consistently. As the bac- 
teriological quality of milk continues to improve the importance of the heat treat- 
ment given milk for starter cultures doubtless will become increasingly important. 


SUMMARY 


Six of eight species of homofermentative lactic acid bacteria tested grew much 
better in milk heated at 115° C. for 15 min. than in milk heated to 80° C. for 
10 min. The evidence indicates that milk is deficient in readily available nitro- 
gen sources for these organisms and that the improved growth in autoclaved milk 
was the result of partial hydrolysis of the casein. 
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In addition to the beneficial effect of heating, a deleterious action was demon- 
strable if the milk was grossly overheated. 


) 
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A COMPARISON OF ‘‘HARD’’ AND COMMERCIALLY SOFTENED 
WATER IN THE RATION OF LACTATING DAIRY COWS 


G. C. GRAF anv C. W. HOLDAWAY 
Dairy Dept., Virginia Agricultural Experiment Station, Virginia Polytechnic Institute, 
Blacksburg 


The value of soft water consumed by lactating dairy cows has never been in- 
vestigated. A few isolated observations have been reported which appear to 
show increases in milk production when the cows are permitted to consume soft 
water. A search of the literature fails to bring to light any data which sub- 
stantiate or refute these claims. 

Leitch and Thomson (4) reviewed data on the effect on animals of consuming 
water which has a high saline and mineral content. They reported that this 
water was detrimental to animals, and excesses of nitrates, sulphates and sul- 
phides, fluorine and magnesium caused certain disorders and even death when 
consumed by some animals. The effect of alkali water on dairy cows was re- 
ported by Larsen and Bailey (3) in 1913. This water was high in minerals, 
especially sodium and sulphur. No adverse effects were observed when this 
water was consumed by dairy cows. In certain areas of the United States and 
other parts of the world, the high mineral content of the water consumed by ani- 
mals is of potentially great economic importance. 


EXPERIMENTAL PROCEDURE 


In order to test the value of soft water compared to the so-called hard water, 
an experiment using lactating dairy animals was started late in 1951. Twelve 
lactating cows were divided into six pairs of two animals each. The cows in 
each pair were as near alike as possible in age, milk production, size and stage of 
lactation. One cow in each pair then was placed on the hard water treatment 
and the other cow on a commercially-softened-water treatment. After an adjust- 
ment period of 16 days, an experimental period of 57 days followed. At the end 
of this period, the treatments were reversed and a change-over period of 5 days 
‘was followed by an experimental period of 57 days. 

All cows were weighed on the first and last 3 days of each experimental period. 
Daily milk production of each cow was recorded and 1-day composite milk samples 
were taken at 10-day intervals for the determination of butterfat content. 

The cows received an allotment of 10 Ib. of a top no. 2 alfalfa hay and 30 lb. 
of late-cut, well-eared corn silage. The concentrate mixture consisted of ground 
corn, ground oats, wheat bran, cottonseed meal, iodized salt and steamed feed 
bone meal. The analysis of the hay, silage and concentrate used in the experi- 
ment is shown in table 1. Amount of concentrate fed was based on the require- 
ments for milk production and body maintenance at the start of the experiment 
and was reduced at the rate of 9 per cent at the end of each 30-day period. 
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TABLE 1 
The composition of the feeds used 


Dry Crude Ether Crude Nitrogen-free 
matter protein extract fiber extract 


(%) (%) (%) (%) (%) 
86.62 17.69 2.79 23.18 49.77 
26.33 8.81 3.28 21.11 61.55 
87.54 19.63 4.64 7.19 63.69 


A water meter was installed at the inlet of the supply of water for each of 
the groups. Individual water consumption was not determined. 

Digestion and nitrogen balance trials were conducted for a 5-day period on 
one cow from each treatment, following the technique outlined by Eheart et al. 
(2). 

The health of the animals was excellent throughout the experiment. The 
daily feed allotments were consumed completely by all the cows. One cow de- 
veloped a slight lameness for several days. The cows were placed in a dry lot 
daily for about 2 hr. for exercise. Individual drinking cups were provided for 
the cows and they were allowed to consume water free choice. 

The water supply was tested frequently throughout the experiment for hard- 
ness by the method of Betz and Noll (1). The soft water was produced by the 
zeolite process in which the Ca and Mg ions are replaced by Na ions. The water 
was from wells located on the college campus. The total hardness of the hard 
water averaged 290.4 ppm. nearly equally divided as to Ca and Mg ions. When 


this water was softened by the zeolite process, the total hardness was 0.0 ppm. 

The summary of the data obtained is shown in table 2. No significant dif- 
ferences were observed in the changes in body weight or in the production of 
4 per cent F.C.M. between the two treatments. The cows on the hard water 


TABLE 2 


The changes in body weight, feed and water consumption and amount of milk produced by 
lactating cows on the two treatments 


Treatment 


**Hard’’ water **Soft’’ water 


Cows (no.) 

Days (no.) 

Body weight, initial (lb.) 

Body weight, final (1b.) 

Gain in body weight (1b.) 

Feed consumption/day/cow 
Hay (lb.) 
Silage (1b.) 
Concentrate (Ib.) 

Water consumption/day/cow 

Production of 4% F.C.M./day/cow 

Ratio: water consumed 

* milk produced 

water consumed 

dry matter intake 


Ratio: 


999 
Concentrate 
57 57 
1,087 1,087 
1,095 1,088 
8 1 
30 30 
2.94 2.92 
2.87 2.87 
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treatment gained an average of 8 lb. for the period and the cows on soft water 
gained 1 lb. The production of milk between the two treatments was very close, 
there being only 0.2 lb. difference in the average daily production, which was 
not significant. There was no difference in feed consumption, dry matter intake 
or average daily consumption of water. 

The digestion coefficients obtained by placing one cow from each treatment 
on a digestion trial of 5 days were very similar. The coefficients of the dry 
matter, crude protein, ether extract, crude fiber and nitrogen-free extract were 
65.9, 67.8, 77.4, 51.1 and 71.0, respectively, for the cow on hard water, and 64.5, 
68.2, 76.3, 45.4 and 70.6, respectively, for the cow on the softened water. The 
greatest difference was in the crude fiber digestion coefficients in which the hard 
water treatment showed an increase of 5.7 percentage points over the one ob- 
tained from the cow on the softened water. 


SUMMARY 


There were no significant differences observed between the two treatments in 
the production of 4 per cent F.C.M. or in changes in body weight. The cows 
while on the hard water produced 33.0 lb. of milk daily and gained an average 
of 8 lb. in body weight each. The cows while on softened water produced 33.2 
lb. of milk daily and gained an average of 1 lb. in body weight each during the 
experimental period. No difference was observed in the average daily water con- 
sumption. All the cows consumed an average of 97.1 lb. of water daily regard- 
less of the total hardness of the water. The ratio of water consumed to milk 
produced was 2.9 and the ratio of water consumed to dry matter intake also was 
2.9. 
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UNIDENTIFIED DIETARY FACTORS IN DAIRY CATTLE NUTRITION. 
Ill. THE NUTRITIVE VALUE OF IMMATURE ALFALFA 
AND TIMOTHY HAYS FOR MILK PRODUCTION’ 


Cc. F. HUFFMAN, 8S. T. DEXTER anp C. W. DUNCAN 


Departments of Dairy, Farm Crops and Agricultural Chemistry, 
Michigan Agricultural Experiment Station, East Lansing 


Most of the information regarding the change in the nutritive value of legume 
and grass hays associated with the advance in maturity is based on chemical 
analyses and digestion trials. Woodman et al. (22) reported that all of the con- 
centrates in the ration were satisfactorily replaced by immature grass for milk 
production. Newlander (18) replaced 5 lb. of hay with 4 lb. of artificially dried 
young grass in a ration which contained corn silage and grain and found that 
milk production was in favor of the young grass, although the number of pounds 
of fat-corrected milk (F.C.M.) per 100 lb. of total digestible nutrients (T.D.N.) 
was not altered. significantly. Camburn (3) replaced the grain in a hay-corn 
silage-grain ration with young grass and found that when body weight and milk 
production were considered, the T.D.N. in dried grass were equal to or slightly 
better than the T.D.N. in the grain. Camburn (4) also replaced corn silage with 
soaked, artificially dried, immature grass in the ration of 10 cows during a 
12-wk. period and reported that milk production increased in eight of ten cows, 
but since there was an increased intake of T.D.N. during the grass-feeding periods, 
no significant difference was found in the nutrients required to produce a unit of 
4 per cent F.C.M. Camburn and Jones (5) reported further that the T.D.N. in 
artificially dried, immature forages were at least equal to the T.D.N. in grain for 
milk production when corn silage was in the ration. 

Five feeding trials were conducted with milking cows at the Arizona Agri- 
cultural Experiment Station (1) to compare alfalfa cut in the bud-stage with 
that cut in the one-third bloom stage, but no difference in milk production could 
be determined. Similar results were reported by Brouwer and Dijkstra (2). 

In previous papers (11, 12, 13), data were presented which showed that hay 
harvested in the bloom stage was deficient in the unidentified factor(s) supplied 
by grain. This paper reports the results obtained when immature alfalfa and 
timothy hays were compared with mature hays from the standpoint of the un- 
identified lactation factor(s). 

EXPERIMENTAL 

Seventeen cows. (13 Holstein, 3 Brown Swiss and 1 Jersey) were used in 25 
trials to study the unidentified factors in three early-bud ‘alfalfa hays and two 
young timothy hays, one cut in the early-boot and the other in the preboot stage. 

Received for publication July 5, 1952. 


1 Published with the approval of the Director of the Michigan Agricultural Experiment 
Station as Journal article no. 1383. 


1001 


1002 C. F. HUFFMAN ET AL 
Detailed data are presented for 12 trials, but the balance of the data are avail- 
able for inspection. Each trial represents data from one cow. 

Before it is possible to determine the relative values of bloom versus pre- 
bloom hay, it is necessary to use cows depleted of stored unidentified factor(s). 
This depletion technique has been described recently (11). In this experiment, 
the basal or bloom hay was used to deplete the cows before all or a part of the 
hay was replaced by the prebloom hay. 

The period just prior to the replacement of the basal hay with the immature 
hay was used as the basal period for calculating the change in the production of 
4 per cent F.C.M. (8). The basal periods varied from 9 to 15 days, whereas the 
periods in which the experimental hays were fed varied from 12 to 33 days. 
Short periods are preferable since the results are expressed as an increase or de- 
erease in F.C.M. above or below that obtained for the basal period. Three-day 
composite milk samples were taken for butterfat determinations. The cows were 
weighed at the same hour every third day. 

Basal hays no. 6 to 10, inclusive, were either first-cutting alfalfa-brome or 
second-cutting alfalfa harvested at one-tenth to full bloom and field-cured. Ex- 
perimental hay no. 1 was first-cutting early-bud alfalfa-clover, harvested with a 
erusher and cured in windrows. Hay no. 2 was first-cutting alfalfa harvested in 
the early-bud stage and cured on a fence during a rainy period. Hay no. 3 was 
second-cutting early-bud alfalfa harvested from the same field during the same 
year as hay no. 2 and was field-cured. Timothy hay no. 4 was harvested in the 
early-boot stage and cured on a fence, while timothy hay no. 5 was cut in the 
preboot stage and cured in a swath under adverse weather conditions. 

The coefficients of apparent digestibility were determined from digestion 
trials of all of the hays, except no. 6. These coefficients were used to calculate 
the T.D.N. and starch equivalents. The coefficients suggested by Morrison (17) 
were used for no. 6. The following formula was used for the calculation of 
starch equivalents : 

Starch equivalent = T.D.N.— (0.58 x crude fiber) 

Caleulated net-energy (C.N.E.) was determined by the formula reported by 
Moore (16). Ballast was determined by the method reported in a previous paper 
(12) and is expressed as the per cent of the undigested carbohydrates. The corn 
used in trial 1 was U.S. no. 2. The coefficients suggested by Morrison were used 
to ealeulate the T.D.N. for corn. Trial 12 was added to illustrate the value of 
corn for supplying the unidentified factor(s) needed to balance the roughage 
portion of the ration. 

RESULTS 


The chemical composition, coefficients of digestibility, T.D.N. and starch 
equivalents are presented in table 1. The length of the experimental periods, 
days in lactation, body weights, F.C.M., amounts of hay consumed, T.D.N. and 
starch equivalent intake, crude fiber as a per cent of the dry matter, ballast, cal- 
culated net-energy and F.C.M. per 100 Ib. of T.D.N. are shown in table 2. In 
trial no. 1, the cow increased 2.2 Ib. of F.C.M. per day when first-cutting early-bud 
alfalfa (no. 1) replaced second-cutting alfalfa hay (no. 6). The T.D.N. and 
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TABLE 1 


The deseription, chemical composition, coefficients of digestibility, T.D.N. and starch 
equivalents (S.E.) of the experimental and basal hays 


Feed pe Pro- Ether Crude 
Deseription D.M. Ash tein pao fiber N.F.E. T.D.N. 8.E. 


no. 

(%) (%) (%) (%) (%) (%) 
Experimental hays 

Alfalfa-clover, 1st- 14.7 

eut., early-bud 

crushed, 1936 crop 68 16 

Alfalfa, 1st-cut., 16.5 1.67 

early-bud, 

1941 crop 67 50 

Alfalfa, 2nd-eut., 14.1 31.7 55.2 

early-bud, 

1941 crop 70 57 

Timothy, cut in boot- x 10.9 31.9 

stage, 

1941 crop 61 78 

Timothy, cut in pre- 11.8 28.2 

boot stage, 

1942 crop 


1.89 24.2 39.2 50.2 


50 
29.9 48.0 


Alfalfa, 2nd-eut., 
bloom stage, 
1936 crop 


Alfalfa-brome, 1st- 
cut., bloom stage, 
1941 crop 

Alfalfa, 2nd-eut., 
bloom stage, 

1941 crop 
Alfalfa-brome, 1st- 
eut., full bloom 
1942 crop 


Alfalfa, 2nd-cut., 
bloom stage, 
1942 crop 


Corn, U. S. no. 2, yel. 87.1 2.97 9.2 3.49 69.3 79.8 79.8 


* The first line for each feed represents the chemical composition and the second line repre- 
sents the coefficients of digestibility. All coefficients were obtained experimentally, exeept that 
line marked with a footnote > which represent Morrison’s (17) values. 


starch equivalents remained about the same, while the crude fiber, ballast and 
calculated net-energy were slightly lower on the early cut hay. In trials 2 and 
3, a part of the basal hay (no. 7) was replaced by first-cutting early-bud hay 
(no. 2). Milk production increased in both trials, although the amounts of 
T.D.N., starch equivalents and calculated net-energy were lower. There was no 
significant change in crude fiber and ballast intakes. The amount of F.C.M. 
per 100 lb. of T.D.N. increased appreciably in both trials after replacing a part 
of first-cutting alfalfa-brome with early-bud alfalfa hay. In trial 3, F.C.M. re- 


(%) 
36.2 
30.8 
36.8 
37.3 
46.9 
Basal hays 
6 87.4 7.19 15.8 2.18 25.4 36.8 50.7 36.0 ; 
60> Baars 74 33 43 72 
7 89.5 5.61 12.3 1.90 30.7 39.0 49.0 31.2 
55 meta 64 32 47 65 
8 89.0 6.75 15.9 2.59 28.1 35.7 51.6 35.3 
60 oe 74 32 45 71 
9 87.8 6.20 12.7 1.53 33.0 34.4 45.5 26.4 
55 saab 63 0 50 61 
10 86.3 5.86 15.0 1.82 29.1 34.5 50.4 33.5 
56 ieient 67 37 60 62 
Corn 
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mained about the same when boot-stage timothy hay (no. 4) replaced early-bud 
alfalfa hay (no. 2). In trial 4, milk production decreased when 15 lb. of early- 
bud alfalfa hay (no. 2) replaced 15.9 lb. of basal hay (no. 8), but when all the 
basal hay was replaced by early-bud hay (no. 2), F.C.M. increased 2.1 lb. above 
the basal period, although the T.D.N., starch equivalents and caleulated net- 
energy decreased and crude fiber and ballast increased. 

When 24.1 Ib. of first-cutting alfalfa-brome, full-bloom hay (no. 9) was re- 
placed by 24.8 Ib. of early-bud alfalfa hay (no. 2) in trial 5, F.C.M. increased 
3 lb. per day. The T.D.N., starch equivalents and caleulated net-energy values 
were higher, crude fiber and ballast were lower and the amount of F.C.M. per 
100 lb. of T.D.N. increased. 

First-cutting alfalfa-brome hay (no. 7) was used as the basal hay in trial 6, 
where a part of the basal hay was replaced by second-cutting early-bud alfalfa 
(no. 3). The amount of F.C.M. increased 2.2 lb. per day and the T.D.N., starch 
equivalents and calculated net-energy intakes increased. — In trial 7, when second- 
cutting early-bud alfalfa hay (no. 3) replaced a part of second-cutting alfalfa 
hay (no. 8), F.C.M. declined, although the calculated net-energy increased 
slightly. 

In trial 8, basal hay (no. 7) was replaced by early-boot timothy hay (no. 4) 
on an appetite basis. This resulted in a marked increase in T.D.N., starch 
equivalents and calculated net-energy, which accounted for the increase in F.C.M. 
Less milk, however, was produced per 100 lb. of T.D.N. When hay no. 4 was 
replaced by second-cutting early-bud alfalfa hay (no. 3), the amount of F.C.M. 
increased 1.9 lb. on less T.D.N., starch equivalents and caleulated net-energy. 

The relative appetite of the cow for hays no. 8, 4 and 5 was studied in trial 9, 
which accounts for the greater intake of T.D.N., starch equivalents and net- 
energy when basal hay no. 8 was replaced by the prebloom hays. When preboot 
timothy replaced boot timothy, F.C.M. declined, although the amounts of T.D.N., 
starch equivalents and net-energy increased markedly. 

In trial 10, the replacement of 35 Ib. of basal hay no. 10 with 28.7 lb. of boot- 
stage timothy hay resulted in an increase of 0.6 lb. of F.C.M., although the T.D.N. 
and starch equivalents were markedly less than that received in the basal period. 
The increase in F.C.M. was markedly less than the increase in net-energy would 
indicate. 

The effect of replacing immature hays with corn is shown in trial 1. An il- 
lustration showing the results of replacing 14 lb. of hay with 6.5 lb. of corn and 
8 lb. of peanut hulls is shown in trial 12. The chemical composition, T.D.N. 
and starch equivalents of the feeds used in this trial were feeds no. 6, 9 and 13 
in table 1 of a previous publication (13). 


DISCUSSION 
- A complete or partial replacement of the basal hay used to deplete milking 
cows of the unidentified lactation factor(s) with an experimental hay make it 
possible to evaluate the approximate grain equivalent of the experimental hay. 
The comparison, however, is only relative and depends on the amount of the 
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unidentified factor present in the basal hay. The replacement of second-cutting 
alfalfa hay (bloom stage) with early-bud alfalfa hay (no. 1) resulted in a marked 
inerease in milk production. Also, when first-cutting early-bud alfalfa hay 
(no. 2) replaced a part of basal hay no. 7, which was first-cutting alfalfa brome, 
the amount of F.C.M. increased against the tide of declining lactation. Similar 
results were obtained when this immature hay replaced all or part of basal hay 
no. 8, which was second-cutting alfalfa hay. Both of these basal hays were har- 
vested in the bloom stage. It appears from the limited data that these two basal 
hays were approximately equal in the unidentified grain factor. Unfortunately 
a direct comparison of these two hays was not made. 

When second-cutting early-bud alfalfa hay (no. 3), which was harvested 
from the same field during the same year as the first-cutting early-bud alfalfa hay 
(no. 2), replaced all or part of the basal hays, there was an increase in F.C.M. 
in one trial and a deeline in four trials. Nevertheless, the second-cutting early- 
bud alfalfa did not appear to contain as much as the unidentified lactation factor 
as first-cutting early-bud alfalfa hay (no. 2). 

A comparison of boot-stage timothy with preboot timothy (trial 9) indicated 
that the more mature timothy, cut in the boot-stage, was superior to preboot stage 
timothy for milk production. Early-bud alfalfa hays no. 1 and 2 appeared to 
contain greater milk-producing powers than the basal hays cut in the bloom stage 
and the early-bud second-cutting alfalfa hay (no. 3). 

These results suggest that the amount of unidentified lactation factor(s) in 
hays does not necessarily depend upon the stage of maturity. These findings are 
in agreement with those of Graves et al. (9), who reported that four cows fed 
immature grass hay alone averaged 403 lb. of butterfat per year, whereas four 
cows fed silage alone, made from immature grass, averaged 388 lb. of butterfat. 
Two of the cows that made records on the immature grass hay also made records 
on alfalfa hay (in bloom) alone. The cows averaged 437 lb. when fed alfalfa hay 
alone and 404 lb. when fed immature grass hay alone. The mature alfalfa hay 
appeared to be superior to the immature grass hay for milk production. Dawson 
et al. (6), however, reported that the yearly milk production was greater for 
initial-bloom than for half-bloom or full-bloom alfalfa, yet when the cows were 
changed from first-cutting to second-cutting alfalfa in 1936, milk production 
increased regardless of the stage of maturity. No grain was fed. The efficient 
production of milk on Western hay alone (9) also suggests that the unidentified 
factor(s) does not necessarily follow the stage of maturity, since the hay used 
probably was cut during the bloom stage. Willard (21) observed that cows 
changed from poor alfalfa hay alone to good alfalfa hay increased markedly 
in milk. This increase may have been due to greater appetite for the good hay. 

Knott and Hodgson (14) compared immature, artificially dried pasture 
herbage with alfalfa hay in a trial conducted with two groups of two cows each 
by the reversal method. No grain was fed. The grass hay was fed at the rate 
of 6.53 lb. per day per cow. U.S. grade no. 1 alfalfa hay was fed ad libitum. 
Milk production was greater when artificially dried pasture grass was fed, but 
the efficiency of production remained about the same due to a greater intake of 
T.D.N. during the grass-feeding periods. 
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Several experiments have been conducted to determine the value of young 
forage for milk production when considerable amounts of grain sources of the 
unidentified lactation factor(s) were present. These results are of interest from 
the standpoint of comparing the T.D.N. in young grass with the T.D.N. in grain 
in order to further check the modern concept of a balanced ration as recently 
shown by Huffman and Duncan (11, 12) and Huffman et al. (13). Knott and 
Hodgson (14) reported that when a grain mixture containing 20 per cent of 
immature, artificially dried pasture grass was compared with the basal ration 
there was no significant difference in milk production. Similar results were 
reported by Watson (20), Newlander et al. (18), Camburn (4), Camburn and 
Jones (5), Tinley and Bryant (19). 

In this work, the partial or complete replacement of basal hays (depletion 
hays) by immature alfalfa and timothy hays did not always result in a decrease 
in the per cent of crude fiber in the dry matter. As a matter of fact, there was 
an increase in crude fiber in nine trials, a decrease in six and no change in ten 
trials. There appears to be no relation between the per cent of crude fiber in the 
ration and milk production. Milk preduction also failed to follow the calculated 
amounts of starch equivalents in the ration, which is in agreement with previous 
findings (12, 13). This is shown by increased production of F.C.M. in nine 
trials in which the starch equivalents decreased and decreases in F.C.M. in five 
trials when the starch equivalents increased. In 11 of 25 trials, milk production 
increased as the starch equivalents increased. The value of grain as a supple- 
ment to immature hay was included as an illustration of the efficiency of corn to 
supply the unidentified factor(s) needed to balance hay for milk production 
(trial1). This factor(s) can not be explained adequately on the basis of T.D.N., 
starch equivalents, calculated net-energy, crude fiber or ballast, as was shown in 
previous reports (12, 13). These results lend further support to the modern 
concept of a balanced ration which was first expressed by Forbes (7) and_.offi- 
cially defined by Mitcheld (15) in 1935. 

The results of this paper show that the unidentified lactation factor(s) con- 
tent of herbage does not necessarily depend upon stage of maturity, crude fiber, 
ballast or T.D.N. content, on the dry basis. Further evidence was obtained also 
to show that the unidentified factor(s) in herbage can not be properly estimated 
by either the starch equivalent or calculated net-energy method of feed evaluation. 

The lactation factor(s) in grain which balances the T.D.N. in hay appeared 
to be present in most of the immature hays when compared with mature basal 
hays. Whether to harvest hay in the immature stage or to use grain as a supple- 
ment to supply the unidentified lactation factor(s) is a question of agronomics 
and economics. These aspects were not studied in this investigation. 


SUMMARY 


Seventeen milking cows were used in 25 trials to determine the effect on milk 
production when all or part of a mature hay was replaced with an immature hay. 
In general, the immature hays stimulated milk production when they replaced 
part or all of the T.D.N. in mature hay and appeared to produce more milk per 
100 lb. of T.D.N. Equally satisfactory or better results, however, can be ob- 
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tained on the same T.D.N. intake when less hay is fed, provided the ration is 
balanced with corn. Thus, no agronomic or economic implications concerning 
the use of early-cut forages are intended or implied. 

Lack of exactness or fixed standards makes the arbitrary determination of 
the nutritive value of hay difficult. The apparent exceptional value, from the 
standpoint of coefficients of digestibility, starch equivalents and T.D.N., of the 
timothy hay cut in the preboot stage was not evident when fed as a supplement 
to a mature hay; however, if fed in other combinations, its value might become 
manifest. When corn replaced immature hay on an equal T.D.N. basis, there 
was a marked increase in milk production. 

The results of this investigation provide further evidence that the amount of 
the unidentified lactation factor(s) in hay can not be estimated by either the 
T.D.N., starch equivalent or calculated net-energy system of feed evaluation. 
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THE UTILIZATION OF UREA BY DAIRY CATTLE 


N. R. THOMPSON,! G. C. GRAF,1 J. F. EHEART2 anp C. W. HOLDAWAY1 
Virginial Agricultural Experiment Station, Virginia Polytechnic Institute, Blacksburg 


The value of urea in the ration of lactating dairy cattle has been reported by 
various workers (1, 7, 14, 15,19). These reports show that the urea can be used 
effectively as a partial source of nitrogen and can replace at least partially the 
high protein supplements in the concentrate mixtures. 

No data were found in the literature concerning the supplementation of the 
ration of dairy cows with DL-methionine when urea was included in the ration. 
However, Bailey and Ross (2) found that cattle apparently can use inorganic 
sulphates and that methionine had no apparent advantage over Na,SO, when 
used in the ration. Other workers (10, 11) reported improved urea utilization 
when methionine was added to the ration of sheep. When an alfalfa hay ration 
of dairy cows was supplemented with 20 and 40 g. of L-cystine no benefit was 
observed (8). Similar results (18) were obtained with L-cystine when fed to 
sheep. 

EXPERIMENTAL PROCEDURE 

The data reported here covered three experiments conducted during the barn 
feeding period over a 3-yr. span. The experiments are designated as trials 1, 
2 and 3 in the order in which they were completed. Twelve cows were used in 
each of the trials and divided into three groups of four cows each according to 
the experimental design outlined by Cochran et al. (4). Every cow was on each 
of the experimental rations used in a trial. An adjustment period of 10 days 
was followed by three 20-day experimental periods with a 5-day change-over 
period between the second and third experimental periods. 

The cows were weighed at the beginning and end of each period on 3 con- 
secutive days. Roughage consumption for each cow was held to a constant 
amount. Daily milk production weights were recorded on each cow and 1-day 
composite milk samples were taken at 10-day intervals to determine the butterfat 
content of the milk. 

The levels of feeding were determined according to Morrison’s (13) mini- 
mum standards for maintenance and milk production. The concentrate allow- 
ances were adjusted at the beginning of each experimental period on the basis 
of milk production and body weights during the adjustment and change-over 
periods, as recommended by Lucas (12). 

Digestion trials were conducted during the last week of each experimental 
period according to the procedure outlined by Eheart et al. (5). During trial 1, 
three different cows were used for each digestion trial, while during trials 2 and 
3, the same three cows were used for each digestion trial. 
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The inclusion of some relatively high-fiber content roughage in all the rations 
was intentional. The compositions of the roughages, silages and concentrate 
mixtures used in the three trials are shown in table 1. The ingredients and the 
amounts used in each concentrate mixture are shown in table 2. The three con- 
centrate mixtures used in each trial are identified as A, B and C. The concen- 
trate mixture shown as A in each trial was considered the basal mixture. 

All data were analysed statistically by the method of Snedecor (16). 


TABLE 1 
Composition of roughages and concentrate mixtures 


Dry Crude Ether Crude Nitrogen-free 
matter protein extract fiber extract 


(%) (%) (%) (%) 
Trial 1 

Hay 94.27 18.25 J 27.81 44.55 
Corn stover 89.79 4.63 y 38.48 51.79 
Corn silage 24.84 7.19 r 23.60 61.38 
Concentrate mixture A 94.21 17.13 J 11.08 63.14 
Concentrate mixture B 93.48 18.81» 10.13 63.53 
Concentrate mixture Ca 


Trial 2 
Hay 86.92 10.61 é 37.45 47.61 
Corn silage 31.52 7.62 J 19.01 65.90 
Concentrate mixture A 81.08 11.27 g 9.89 72.17 
Concentrate mixture B 83.53 16.29 3 8.94 66.21 
Concentrate mixture C 81.48 15.94b é 8.87 63.38 


Trial 3 

Hay 84.64 10.19 J 37.28 44.91 
Corn silage 22.80 8.61 . 28.27 56.59 
Concentrate mixture A 87.92 16.13 . 5.90 69.32 
Concentrate mixture B 87.74 14.63 “ 10.66 66.90 
Concentrate mixture C 87.69 20.69» J 10.28 61.54 

«Concentrate mixture C was concentrate mixture B to which 22 g. of methionine was 
added daily at feeding time. 

> Ineludes urea nitrogen. 


EXPERIMENTAL RESULTS 


Trial 1. The data on body weight changes, feed consumption and milk pro- 
duction are summarized in table 3, trial 1. All the cows gained in weight during 
the experiment ; however, there was no significant difference between the rations 
when these data were treated statistically. All cows consumed equal amounts of 
hay, corn stover and corn silage. The amounts of concentrate mixture con- 
sumed by the cows were approximately the same. Palatability was not a factor 
in the consumption of the concentrate mixture. The corn stover fed daily was 
limited to 4 lb., since the cows would refuse a considerable portion of the stover 
if more than 4 Ib. per cow were fed daily. _ 

The ration which contained the concentrate mixture B, in which urea re- 
place-i cottonseed meal, produced 530.5 Ib. less 4 per cent F. C. M. and the ration 
containing concentrate mixture C, in which the urea was supplemented at the 
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rate of 22 g. of DL-methionine per cow per day, produced 148.4 lb. less 4 per 
cent F. C. M. than when the cows were on the basal ration. These differences 
were not significant. 

The data obtained during the digestion trials are shown in table 4, trial 1. 
No significant differences were observed when these data were treated statis- 
tically. 

TABLE 2 
Formulas of the concentrate mixtures 


Concentrate mixtures 


Ingredients 
A B Cc 
(1b.) (1b.) (1b.) 
Trial 1 
Corn and cob meal 400 400 400 
Ground oats 200 200 200 
Cottonseed meal 150 
Urea 18 18 
DL- Methionine 22 
Bone Meal 7.5 7.5 7.5 
Salt 7.5 7.5 7.5 
Trial 2 
Corn and cob meal 400 400 400 
Ground oats 200 200 200 
Cottonseed meal 100 
Urea 12 
Salt 6 7 7 
Bone Meal 6 7 7 
Trial 3 
Corn and cob meal 500 500 500 
Corncobs 200 200 
Oats, ground 300 300 300 
Cottonseed meal 180 180 180 
Urea 20 
Salt 10 10 10 
Bone Meal 10 10 10 


* Approximately 1,660,000 [. U. of carotene were added to each 100 Ib. of concentrate 
mixture. 


» 22 g. of DL-methionine were added to concentrate mixture B once daily. 


Trial 2. The results of this trial are summarized in table 3, trial 2 and table 
4, trial 2. There was an average loss in weight per cow on each of the rations. 
The greatest loss was observed on the basal ration which included the low pro- 
tein concentrate mixtures. These differences were not significant. 

The total production of 4 per cent F. C. M. was 5,831.1 lb. on the low-protein 
basal concentrate mixture. When this concentrate mixture was supplemented 
with cottonseed meal so that the crude protein was increased from 11.27 to 16.29 
per cent, the production of milk was 6,332.0 lb. This was found to be a signifi- 
cant increase. Supplementing the basal concentrate mixture with urea to ob- 
tain a protein equivalent of 15.94 per cent also resulted in an increased produc- 
tion of milk. The total production of 4 per cent F. C. M. was 6,311.9 lb. on this 
ration. The increase in production over the basal ration also was significant. 
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There were no significant differences when milk production on the rations con- 
taining cottonseed meal or urea were compared, 

There appeared to be a trend toward higher digestion coefficients of the feed 
constituents when the concentrate mixtures contained cottonseed meal or urea as 
shown in table 4, trial 2. The average coefficients were lowest on concentrate 
mixture A. However, when the data were treated statistically, no significant 
differences were shown between the rations. 


TABLE 3 
Daily feed consumption, liveweights, total and average daily milk yields 


Concentrate mixtures 


No. of cows 

No. of days 

Initial wt. (av. lb./cow) 

Final wt. (av. 1b./cow) 

Change in wt. (av./cow) 

Hay consumed (lb./cow) 

Silage consumed (lb./cow) 
Stover consumed (lb./cow) 
Concentrates consumed (lb./cow) 
Total 4% F.C.M. produced (1b.) 
Daily 4% F.C.M. produced (1b./cow) 


No. of cows 

No. of days 

Initial wt. (av. lb./cow) 

Final wt. (av. lb./cow) 

Change in wt. (av. Ib./cow) 

Hay consumed (1lb./cow) 

Silage consumed (lb./cow) 
Concentrates consumed (lb./cow) 
Total 4% F.C.M. produced (1b.) 
Daily 4% F.C.M. produced (1b./cow) 


No. of cows 

No. of days 

Initial wt. (av. 1b./cow) 

Final wt. (av. lb./cow) 

Change in wt. (av. lb./cow) 

Hay consumed (lb./cow) 

Silage consumed (lb./cow) 
Concentrates consumed (lb./cow) 
Total 4% F.C.M. produced (1b.) 
Daily 4% F.C.M. produced (1b./cow) 


Trial 3. The changes in weights, feed consumption and milk production are 
shown in table 3, trial 3. There was an average loss in weight per cow on all the 
three rations studied. The greatest loss occurred on the ration containing the 
concentrate mixture C. The losses were 4.4, 1.6 and 11.9 lb. per cow. The dif- 
ferences in body weights between rations were not significant. 

The total amount of 4 per cent F. C. M. produced was about the same for 
each ration. Excellent production was obtained on all the rations. 


A B 
Trial 1 
4 4 4 
60 60 60 
1,051.0 1,045.8 1,058.5 
1,068.2 1,072.8 1,066.5 
+17.2 +27.0 + 8.0 
8.0 8.0 8.0 
30.0 30.0 30.0 
4.0 4.0 4.0 
ia 11.1 11.3 
7,253.1 6,722.6 7,104.7 
30.2 28.0 29.6 
Trial 2 
4 4 4 
60 60 60 
1,089.9 1,078.1 1,078.8 
1,071.5 1,074.4 1,070.7 
—18.4 
12.0 12.0 12.0 
30.0 30.0 30.0 
8.3 8.3 8.3 
5,831.1 6,332.0 6,311.9 
24.3 26.4 26.3 
Trial 3 
4 4 4 
60 60 60 
1,192.4 1,192.0 1,192.8 
1,188.0 1,190.4 1,180.9 
-4.4 -1.6 -11.9 
9.9 9.2 9.8 
30.0 30.0 30.0 
17.2 17.0 16.4 
8,749.6 8,547.8 8,467.7 
36.4 35.6 35.2 
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The average digestion coefficients of all the feed constituents (table 4, trial 3) 
except crude fiber, were lowest on the ration containing concentrate mixture B. 
The ration containing the highest protein concentrate mixture showed the highest 
digestion coefficient of all feed constituents except for nitrogen-free extract. 
When the data were treated statistically, no significant differences were apparent. 


DISCUSSION 


Trial 1. The results obtained in this trial on the use of urea as a source of 
nitrogen in the concentrate mixtures of dairy cattle are in line with the studies 
of Owen et al. (14), Rupel et al. (15), Archibald (1) and Willett et al. (19). 
Data with respect to milk production, body weights and digestibility coefficients 


TABLE 4 
The average coefficients of digestibility of the rations fed 


Coneentrate mixtures 


Feed constituents 


Dry matter : 

Crude protein 59.28 62.77 63.37 
Ether extract 73.15 74.71 74.20 
Crude fiber 54.32 51.12 53.65 


Nitrogen-free extract 


Dry matter 

Crude protein 56.06 60.46 61.55 
Ether extract 68.54 77.19 72.86 
Crude fiber 45.39 51.47 51.59 


Nitrogen-free extract 


Dry matter 


Crude protein 58.18 57.59 63.83 
Ether extract 77.49 74.90 77.83 


Crude fiber 49.21 50.77 54.19 
Nitrogen-free extract 


& Based on the average of 3 cows for each ration. 


show that urea can replace the nitrogen in cottonseed meal at the levels used in the 
present concentrate mixture. The cottonseed meal was estimated to provide ap- 
proximately half of the crude protein in the concentrate mixture of the basal 
ration. In concentrate mixture B, urea was added to provide an equivalent 
amount of protein nitrogen. The urea was added at the rate of 3 per cent of the 
concentrate mixture. The addition of 22 g. of pL-methionine per cow per day 
to the urea-containing concentrate mixture did not result in any beneficial effects. 
These findings are not in agreement with the studies reported by Bailey and Ross 
(2) in which it was shown that cattle apparently can use inorganic sulphates and 
that methionine had no apparent advantage over Na,SO,. Huffman and Duncan 
(8) also found no apparent advantage when the ration of dairy cows was supple- 
mented by L-cystine. Smuts and Marais (18) obtained similar results with sheep. 


A B 
(%) (%) (%) 
Trial 1 
64.99 66.57 67.06 
9 Trial 2 
ee 68.49 70.74 69.97 
Trial 3 
Po 61.87 60.45 62.49 


UREA UTILIZATION 1015 


Trial 2. The results obtained from the ration containing the low-protein 
concentrate mixture are not particularly different from that expected. Work at 
this Station and elsewhere already has demonstrated that a sub-normal level of 
protein in the ration not only fails to meet the animal’s protein needs, but also 
exerts a depressing effect on the digestibility of feed constituents. The object 
of the trial was to determine if urea was as effective as cottonseed meal in supple- 
menting a low-protein concentrate mixture. In the concentrate mixture B, the 
cottonseed meal furnished approximately 30.8 per cent of the crude protein, and 
in concentrate mixture C, the urea furnished approximately 29.3 per cent of the 
protein equivalent. Briggs et al. (3), Johnson et al. (9%), Harris and Mitchell 
(6) and Swift et al. (17) reported that the addition of urea to. low-protein 
rations improved the utilization of these rations. 

Trial 3. The results obtained in trial 2 led to the setting up of a trial that 
would determine the value of supplementing a ration adequate in protein to meet 
the animal’s needs with urea to improve the utilization of the feed corstituents. 
The second concentrate mixture was similar to the basal, except that 200 lb. of 
corncobs were added to each 1,000 lb. of mix, which lowered the crude protein 
content to 14.63 per cent and increased the fiber content to 10.66 per cent. Addi- 
tion of 2 per cent urea to this ration constituted the concentrate mixture C., which 
contained 20.69 per cent crude protein and 10.28 per cent crude fiber. Based 
on protein equivalent, the urea furnished 29.3 per cent of the protein in this 
ration. 

The inclusion of urea in the concentrate mixture did not result in increased 
milk production. The digestion coefficients of the constituents in the ration were 
not significantly different. 


SUMMARY 


Urea and cottonseed meal were of comparable value for milk production 
when incorporated into the concentrate mixtures at the levels used in this investi- 
gation. Addition of 22 g. of pL-methionine per cow per day to a ration contain- 
ing urea did not produce any beneficial effects. 

Addition of 200 Ib. of ground corneobs per 1,000 lb. of concentrate mixture, 
so that the crude fiber content was doubled, did not adversely affect milk produc- 
tion or any of the other factors studied. Addition of urea to the cornecob-con- 
centrate mixture did not exhibit any beneficial effect on milk production or ap- 
parent digestibility of the feed constituents. 
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DIFFERENCES IN MILKING RESPONSE UNDER PRESCRIBED 
VARIATIONS IN METHODS EMPLOYED TO 
STIMULATE MILK LET—-DOWN® ? 


DONALD B. ROARK,’ G. H. BECK anp H. C. FRYER 
Kansas Agricultural Experiment Station, Manhattan 


Massaging the udders of dairy cows prior to milking is widely advocated as a 
beneficial practice in stimulating milk let-down. Saveliev (11) reported a sav- 
ing of 0.75 min. in average milking time when the udder was massaged before 
milking and at intervals during milking. Smith and Petersen (12) observed a 
faster rate of milk flow and a consequent saving in milking time where the 
udders were washed in warm water and each quarter was fore-milked before ap- 
plying the milking machine. Knoop and Monroe (9), likewise, found that a 
pre-milking udder massage shortened the time of milking. 

Although the use of warm water has been and still is being stressed as an im- 
portant adjunct to udder massage in stimulating milk let-down, Dodd and Foot 
(3, 4) and Knoop and Monroe (9) found cold water to be just as effective. 
Homb et al. (6) obtained no differences in milk yields and rates of milk flow 
when the udders were massaged with a dry cloth as compared with a warm, wet 
cloth. Beck and Claydon (2) showed that massage with the dry, bare hands was 
just as effective in stimulating milk let-down as massage with a warm, damp 
cloth. 

Based on the findings of Miller and Petersen (10), there should be little delay 
between the stimulation of milk let-down and the beginning of milking. They 
noted a reduction in milk yield when milking was delayed 20 min. after mas- 
saging the udder. This has been corroborated by Homb et al. (6) and by Ward 
and Smith (14). Homb et al. (6) also observed an increase in milking time when 
milking was delayed 15 min. after stimulation. Contrary to these results, Knodt 
et al. (7, 8) found no significant difference in milk yields for periods from 35 to 
90 days in length when cows were milked at various intervals from 2 to 20 min. 
after stimulation. 

Studies of the factors affecting the efficiency of machine milking and related 
problems were initiated at this Station in 1947. Since that time, results of in- 
vestigations elsewhere which include research of a similar nature to some herein 
reported have been published. Any duplication would seem justified, however, 
because that which is duplicated fits into the over-all pattern of step by step 
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evolvement of this complete study. Also, the technics and procedures are con- 
sidered sufficiently different to be worthwhile. 


EXPERIMENTAL PROCEDURE 


Five different trials were conducted in which the pre-milking preparation of 
the cows was varied. Milking procedure was standardized by using the same 
milking machine unit, operated by the same person, at the same vacuum level 
and pulsation rate throughout each trial. The cows were milked at the same 
hour each milking, in the same stall and were fed grain just before milking. 
The rate of milk flow was measured graphically through the use of a specially 
adapted continuous-feed kymograph (1). Appropriate numerical measurements 
were taken from the milk flow curves in accordance with methods previously de- 
seribed (1). Variations in procedure followed in each trial are described below. 

Trial I. Udder massage and fore-milking versus neither. A group of 16 
cows, including four each of the Ayrshire, Guernsey, Holstein and Jersey breeds, 
were milked during three consecutive evenings when the cows were stimulated 


Length of Delay between 


‘ preparation and 
preparation milking 


Treatment Water temperature 


(° F.) . (min.) 
135 
135 
135 
135 
60 
60 
60 
60 
100 


1 
2 
3 
+ 
5 
6 
7 
8 
9 


and three consecutive evenings when they were not. During the first three eve- 
nings, milk let-down was stimulated about 1 min. before milking by massaging 
the udder for 20 see. with a cloth wrung out of warm water, then fore-milking 
each quarter. 

Trial II. Milk let-down as affected by udder massage and/or fore-milking. 
Three different methods of stimulating milk let-down were employed, including 
(a) combination of udder massage, 20 sec. with a damp cloth and fore-milking, 
four full-hand squeezes from each quarter, (b) massage only and (c) fore-milking 
only. Fifteen cows selected at random from the college herd were divided into 
three groups of five each. During a 9-day period, each group was rotated through 
the series of three pre-milking treatments, with each method being used 3 days 
for each group. 

Trial III. Combinations of udder wash water temperature, preparation time 
and time lapse between preparation and milking. This trial included nine dif- 
ferent pre-milking treatments, as follows: 

Eighteen cows were paired into nine groups of two each, and during an 18-day 
period each group was subjected to each treatment for a period of 2 days. The 
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order of rotation was determined by the use of a 9 x 9 Latin square from Fisher’s 
tables (5). 

Trial IV. Further variations in time lapse after preparation, with water 
temperature constant. Nine different pre-milking treatments were employed 
with 10-, 30- and 60-sec. preparation periods, and time lapses of 1, 3 and 5 min. 
between preparation and milking. Eighteen cows were divided into nine groups 
of two each, and during an 18-day period were rotated through the treatments in 
accordance with a 9 x 9 Latin square, as in Trial ITT. 

Trial V. Effects of long-time (6 wk.) variations in time lapse with constant 
water temperature and preparation time. Cow groupings and pre-milking treat- 
ments were as follows: 

Group I—6 cows—8-min, lapse 
Group II—6 cows—5-min. lapse 
Group III—4 cows—1-min. lapse 

The cows were selected at random from a group that had been fresh at least 2 
mo., but had not been bred more than 1 mo. Graphic milk flow measurements 
were recorded during the morning and evening milkings of five different 3-day 
periods, as follows: (a) pre-trial, (b) beginning of trial, (c) end of 3 wk., (d) 
last 3 days of the sixth week and (e) post-trial. During the pre- and post-trial 
measurements, all cows were milked under standard conditions with only a 
1-min. delay between preparation and milking. Milk weights were recorded for 
each milking throughout the experiment. 


RESULTS 
In trial I, all cows milked out at a faster rate when their udders were mas- 
saged, and fore-milking was practiced before the milking machine was attached 
(table 1). Obviously milk let-down had been stimulated by this pre-milking 


TABLE 1 
Average response of cows to machine milking with and without pre-milking preparation 


Total Per cent Milk yield (av./milking) 
no. of of yield Machine time ? 
(av./milking) Obtained Hand 


by machine stripping 


Pre-milking No. of 
preparation cows 


(min.) (1b.) 
Massage and 


** Differences significant at P < 0.01 level. 


manipulation of the udder because milk flow started almost immediately after 
the machine was attached, whereas there was a lag of about 1 min. before a sub- 
stantial flow of milk started when there had been no pre-milking preparation. 
An average of 77 per cent of the milk was obtained in the first 2 min. with pre- 
milking stimulation, as compared with only 53 per cent with no pre-milking 
stimulation. This pre-milking stimulation of milk let-down resulted in an aver- 
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age decrease of 1.2 min., or about 27 per cent less machine milking time. These 
results were statistically significant as tested by ¢ test (13). 

Statistically significant increases also were obtained in milk yields as a result 
of the pre-milking stimulus. There was an average increase of 1.6 lb. per milking 
in the milk obtained by machine where the udders had been massaged (table 1). 
Furthermore, 70 per cent less hand strippings were obtained, on the average, 
when milk let-down was stimulated before the machine was put on the cows. 

In trial II, a combination of udder massage and fore-milking was more effec- 
tive in stimulating milk let-down than either udder massage alone or fore-milking 
alone (table 2). Massage alone was the poorest method of the three. The aver- 


TABLE 2 


Relative effectiveness of massage, fore-milking, and a combination of massage and fore-milking 
in stimulating milk let-down as shown by the milking response 


Milk yield (av./milking) 
e 


Pre-milking No.of Total Percent’ wrachine tim 
preparation cows milkings y (av./milking) Hand 


ymachine stripping 


(1b.) (1b.) 

fore-milking  ....... 15 45 78), 3.11), 16.6 0.7 
Fore-milking only. 15 45 76} 3.25 ) 16.1 0.9 
Massage only .......... 15 45 * 3.40; * 16.6 0.8 


* Differences significant at P < 0.05 level. 


age machine time when the cows were massaged and fore-milked was about 8 per 
cent faster than when massaged only, and 4 per cent faster than when fore-milked 
only. Differences in milking speed, as measured by per cent of the yield ob- 
tained in 2 min. and by actual machine time were statistically significant. No 
significant differences occurred in the total milk yields. 

In Trial III, no statistically significant differences were obtained in the milk- 
ing responses that could be attributed to temperature of the water used in clean- 
ing and massaging the udders. The average speed of milk withdrawal and aver- 
age milk yield were practically the same when water at 135° F. was used as com- 
pared with water at only 60° F. (table 3). No physical disturbances were noted 
which would indicate discomfort to the cows from either the warm or cold mas- 
sage. This study was made during November when outside temperatures fluc- 
tuated between freezing and 70 to 80° F.; however, the barn temperature never 
dropped below about 50° F. 

The length of time spent during the preparation period in massaging and 
fore-milking affected the milking response only slightly. Average milk yields 
were practically the same when the preparation period lasted 10 or 60 sec. 
(table 3). Statistically significant differences were obtained in the rates of milk 
flow, but the cows milked only about 5 per cent faster, which is not of practical 
importance. However, it was observed that the udders could not be cleaned 
properly in only 10 see. 

When milking was delayed 8 min. after stimulation of milk let-down, as com- 
pared with no delay, both the yields and rates of milk flow were decreased. The 
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TABLE 3 


Average response of 18 cows to machine milking when temperature of the wash water, length of 
the massage period and length of the interval between massage and milking were varied 


Milk yield (av./milking) 


Pre-milking No.of Percent Machine time 
preparation milkings at mrs (av./milking) Obtained Hand 
by machine stripping 


(min.) (1b.) 
Water temperature: 
135° F. 144 65 3.9 13.2 
60° F. 144 65 3.9 13.4 
Length of preparation: 
144 62 13.3 
144 655 * 13.2 


144 69 i 13.7 
36 70 A 13.6 
144 * 13.0( * 


* Indicated difference significant at P < 0.05 level. 


average machine yield was 5 per cent less and the average machine time was 14 
per cent greater when milking was delayed 8 min. than when the standard 
2-min. delay prevailed. Differences between a 2-min. delay and no delay were 
not statistically significant. 

Results of the fourth trial were similar to those obtained in trial III with 
respect to length of the preparation period. Differences in milking speed, as 
shown by machine time and per cent of the milk yield obtained during the first 
2 min. (table 4) were statistically significant when comparing 10-, 30- and 60- 
sec. periods; however, these differences were too small to be of practical impor- 
tance. Differences in milk yields were not statistically significant. 

In trial IV, a delay of 5 min. in milking caused a statistically significant in- 
crease in milking speed, as compared with delays of either 1 or 3 min. The in- 
crease in machine time was not so great, however, as was caused by the 8-min. 


TABLE 4 


Average response of 18 cows to machine milking when the length of massage period and length 
of the interval between massage and milking were varied 


ce t Milk yield (av./milking) 

Pre-milking No. of Machine time 
treatment ilki (av./milking) Obtained Hand 

by machine stripping 


(min.) (1b.) (1b.) 


Length of massage: 
11.2 
30 see. .. F 11.3 
60 see. ........... 5 11.2 


Delay in milking: 
1 min, 


* Differences among the above means were significant at P < 0.05 level. 


(1b.) 
0.67 
0.72 
0.65 
0.74 
elay in milking: 
0.60 
0.63 
0.79 
0.55 
0.49 
0.52 
* * 
108 68 3.5 11.2 0.54 ‘ 
108 64 3.7 11.3 0.49 
* * 
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delay in the third trial, in this case averaging only 6 per cent. Furthermore, 
the milk yields were not affected significantly. 

In view of the relatively short duration of these experiments and the fact that 
there were frequent changes in milking routine, some doubt existed as to whether 
the changes in milking response were due to delayed milking or to the sudden 
changes in milking routine per se. Results of the fifth trial involving a 6-wk. 
period showed that there were no gross reductions in milk yields that could be 
attributed to delayed milking (table 5). The average milk yield obtained during 
each of the first 5 days at the beginning of the trial from the six cows in group I 
that were subjected to an 8-min. delay in milking amounted to 95, 96, 97, 98 and 
and 98 per cent of the pre-trial five-day average. This indicated a temporary 
drop in milk yield, probably the result of the change in milking routine, but the 
yield returned to almost the pre-trial level after the third day. The average 
production from group I was about 97 per cent of the pre-trial average at the end 
of 3 wk. and about 92 per cent during the sixth week (table 5). Similar results 


TABLE 5 


Effect of 5- and 8-min. delays in the start of milking on milk yields and milking time over a 
6-wk. period 


Av. daily milk yields Av. machine time/milking 


5-d. periods Group I GroupII Group III GroupI GroupII Group III 
8-min. 5-min. 1-min. 8-min. 5-min. 1-min. 
elay delay delay delay delay 


(b.) (min.) (min.) 
30.2 31.6 
30.3 31.2 

29.8 31.6 

27.8 30.4 

26.5 30.2 


were obtained with the cows in group II, which were subjected to a 5-min. delay 
in milking. Although the average milk production of the control group (group 
IIL) decreased only 4 per cent during the 6-wk. period, the 8 per cent decrease in 
groups I and II does not appear to be abnormal. 

The average milking time was increased significantly for groups I and II 
(table 5) as a result of delays in the start of milking. Slower rates of milking 
prevailed for both of these groups throughout the 6-wk. period, but immediately 
returned to normal when standard milking procedure was resumed. The fast- 
milking cows were affected more by delayed milking than were the slow-milking 
cows. For example, the three fastest milking cows in group I averaged 2.7 min. 
when milked under standard milking conditions as compared with 3.7 min. under 
delayed milking, or an increase of about 37 per cent, as compared with an average 
increase of only 15 per cent for all of the cows in this group. 

The effect of an 8-min. delay in milking on the rate of milk flow from a fast- 
and a slow-milking cow is further illustrated in figure 1. The milk flow curves 
reproduced in this figure were obtained during a pre- and post-trial milking, and 
at the beginning, the middle and the end of the 6-wk. period. The graphs pre- 


(1b.) (min.) 
Pre-trial ................ 35.5 3.0 
1st week ................. 34.3 3.0 
; 4th week ................ 34.4 2.9 
: 6th week ................. 32.8 2.9 
Post-trial ............... 32.5 2.8 
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sented are typical of the response shown by other fast- and slow-milking cows 
used in this experiment. In B, C and D from cow 358, the milk flow was inter- 
rupted about 30 sec. after the machine was applied. The milk obtained prior to 
this point of interrupted flow can be accounted for by the fact that some milk 
normally is held in the teat and gland sinuses at the beginning of milking. The 
fact that milk flow did not continue at a constant rate, as is shown in curves A 
and E, indicates that the forces responsible for milk let-down were dissipated by 
the time the milking machine was applied. It also may be noted that the flow 
of milk was resumed after a lag of about 30 sec. This demonstrates that milk 
let-down was restimulated during the milking process, possibly by the action of 
the machine. 


LEGEND: 
—ONE MINUTE DELAY 
---EIGHT MINUTE DELAY 
PRE-EXPERIMENT 
FIRST DAY 
ce 2isT 
42N0 DAY 


POST-EXPERIMERT 


3 
= 
> 
= 
2 
= 
< 
2 


CUMULATIVE TIME IN MINUTES 


Fig. 1. Response of a fast- and a slow-milking cow to an 8-min. delay between stimula- 
tion of milk let-down and the start of milking. 


There was no apparent disturbance in the milk flow of cow 240 (fig. 1) 
resulting from delayed milking. The reason for this difference in the response 
of fast- and slow-milking cows is obscure. Possibly a restimulation of milk let- 
down occurred in the slow-milking cows after milking started, but because of 
the slow rate of milk flow this was not reflected on the graph. From cow 358 
(fig. 1) 4 to 5 lb. of milk were obtained before the milk flow was interrupted. 
This amount of milk was obtained in about 30 sec., whereas 60 to 70 sec. were re- 
quired to obtain a similar amount of milk from cow 240. After 60 to 70 sec., 
milk let-down could have been restimulated, thus maintaining the constant rate 
of flow shown in the graphs for cow 240. 


: 
no. 358 
4 
| 
No. | 
| 
12) | 
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DISCUSSION 


In agreement with other reports (9, 12) this investigation shows that mechan- 
ical milking is more efficient if milk let-down is stimulated before the milking 
machine is attached. Good dairy practice demands that the udder be cleaned 
prior to milking and the strip cup be used. Fortunately, this preparation of 
the cow to improve milk quality and to detect mastitis also stimulates milk 
let-down. 

There probably are more dairymen who fail to use the strip cup than those 
who fail to clean at least partially, the udders by hand brushing. Results ob- 
tained in the foregoing experiments emphasize the importance of fore-milking in 
stimulating milk let-down. Fore-milking alone resulted in faster milking than 
massage alone, which indicated that fore-milking provided a stronger stimulus for 
milk let-down. This is not in keeping with the results of Knoop and Monroe (9) ; 
however, a greater number of cows were used in the present experiment and 
fore-milking was done by removing four streams of milk from each quarter rather 
than oné or two. Additional evidence was obtained in the third and fourth trials, 
which tends to de-emphasize the importance of massage. A 5-sec. massage was 
practically as effective as a 50-sec. massage, but about the same amount of fore- 
milking was done in both instances. This should not imply that massage is un- 
necessary, but rather should emphasize the importance of carrying out both 
massage and fore-milking. 

Results from the third trial confirm other findings (3, 4, 6, 9) that water tem- 
perature is not important in stimulating milk let-down. _ However, warm water 
may have other benefits, such as comfort to the milker and superior cleaning 
properties, which might justify its use, particularly during cold winter weather. 

No attempt has been made in this report to answer the controversial question 
regarding the effect of delayed milking on milk yields. Results presented show, 
however, that delaying the milking operation as little as 5 min. is an undesirable 
practice because it prolongs the milking time. A delay of 3 min. had no effect 
on milking time, while 5 min. delay did not affect all cows, indicating that 4 
min. is the breaking point. 


SUMMARY AND CONCLUSIONS 


Stimulation of milk let-down by massaging the udder with a damp cloth, then 
fore-milking each quarter of the udder shortened the milking time about 27 per 
cent, decreased the amount of hand strippings and increased milk yields. 

Udder massage combined with fore-milking was more effective in stimulating 
milk let-down than either mas:age slone or fore-milking alone. Fore-milking 
only was more effective than maxsage ~nly. 

No significant differences were obtained in the milking responses of cows 
when their udders were massaged with damp cloths wrung out of water at 60, 
100 or 135° F. 

No more time need be spent in massaging the udder than is necessary for 
clean milk production. 


fi 
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Delaying the start of milking more than 3 or 4 min. after preparation of the 
cow is undesirable from the standpoint of prolonging the time required to milk. 
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ELECTROPHORETIC PROPERTIES OF MILK PROTEINS. I. PREP- 
ARATION OF SAMPLES OF SKIMMILK FOR 
ELECTROPHORETIC STUDIES 


J. TOBIAS,: R. M. WHITNEY anp P. H. TRACY 
Department of Food Technology, University of Illinois, Urbana 


In undertaking an electrophoretic study of skimmilk proteins by the method 
of Tiselius (9), it was necessary to establish the required technics. Therefore, 
the following procedures were investigated: preparation of skimmilk, storage 
properties of heated and unheated skimmilk and dialysis procedure. 


Preparation of Skimmilk 


Electrophoresis cannot be conducted satisfactorily on samples containing fat 
(3). Smith (8) suggested double separation in a centrifugal separator, but this 
procedure does not remove all ether-extractable material. It became necessary, 
therefore, to determine how much of this material could be tolerated in skimmilk 
without interference in electrophoresis. All fat determinations were made by 
the Mojonnier method. 

Double separation in a conventional DeLaval centrifugal separator no. 514 
of 400 lb. per hr. capacity yielded skimmilk testing from 0.051 to 0.070 per cent 
fat levels, which caused no difficulties in electrophoresis. Satisfactory skimming 
efficiency could be obtained by a single separation in a DeLaval airtight separa- 
tor of 3,500 lb. per hr. capacity with the added advantage of economy of time. 
In all the runs made, the fat content was below 0.09 per cent, provided the first 
25 gal. through the separator were not used. 

The effect of fat in skimmilk is analogous to that observed by Longsworth (3) 
in blood serum. It makes a pattern appear as though a portion of it was over- 
exposed and the other portion underexposed. The boundary between the two 
regions was found in skimmilk at pH 6.8 and 8.7 to be associated with component 
2, which was tentatively identified as B-lactoglobulin in subsequent studies. The 
light absorption due to fat became quite pronounced as the fat content increased 
above 0.1 per cent and in one instance where a sample tested 0.166 per cent fat an 
electrophoretic ‘‘schlieren’’ photograph could not be obtained. With a sample 
containing 0.12 per cent fat only the overexposed portion appeared on the film. 


Storage Properties of Skimmilk 


In order to establish the dialysis technic and the reproducibility of the electro- 
phoretie patterns, it is desirable to employ skimmilk with as long a storage life 
as possible by the elimination of bacterial and enzymatic decomposition. Warner 

Received for publication July 17, 1952. 

1 The data published here are taken from a thesis presented by the senior author to the 


Faculty of the Graduate School, University of Illinois, in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy, Feb., 1952. 
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(10) avoided this difficulty by addition of a preservative, but in this study it 
seemed desirable to accomplish this by heating to 300° F. by means of the Mal- 
lorizer (4). 

Storage properties of heated skimmilk. The heating characteristics of the 
Mallory heater have been described previously by Herreid et al. (1). The milk 
as received at the University Creamery was separated at 85° F. and, after dis- 
carding the first 25 gal., the next 25 gal. of skimmilk were collected and pumped 
through the Mallorizer at the rate of 200 gal. per hour. The cycle was 4.0 sec. 
heating, 2.1 sec. holding and 6.1 see. cooling. The heating temperature was de- 
termined by means of an iron-constantan thermocouple and a Rubicon portentiom- 
eter with the reference junction set at 32° F. The Mallorized skimmilk then 
was stored in an ice bath and at suitable time intervals-samples were removed for 
electrophoresis. 

A mixture of 10 ml. of the heated skimmilk and 20 ml. of Michaelis buffer 
(6) of pH 6.8 and » = 0.173 was dialyzed against 750 ml. of the same buffer at 
ice bath temperature for 48 hr., with a change of buffer after 24 hr. A mechan- 
ical dialyzer described by Reiner and Fenichel (7), using Visking seamless cellu- 
lose tubing as the membrane, was employed in these and all subsequent studies. 
Results of mobility measurements for all components are given in table 1. There 
were no significant changes in mobilities calculated from the false boundary at- 
tributable to storage and no new electrophoretically distinct components were 
formed during storage. As these data have been collected from the same sample 
of skimmilk, the results may be used as an indication of reproducibility of the 
electrophoretic procedure. 

More constant values were obtained when the mobilities were measured from 
the false boundary, rather than from the initial boundary, which may have been 
due to a small shift of the entire column of protein suspension in the electro- 
phoresis cell. The cause of the shift could not be determined, as all attempts to 
eliminate it failed to prevent it entirely. It may have been due to very slight 
leakage between the sections of the cell or to capillary forces in the two narrow 
channels of the cell, which might tend to delay attainment of hydrostatic equi- 
librium. The high degree of reproducibility of mobilities when measured from 
the false boundary suggests that no further disturbance of the pattern took place 
due to the shift and the mobilities so calculated are real and reproducible values. 

A further test of reproducibility may be obtained from the results of table 2, 
which shows that changing the field strength did not affect the mobilities of raw 
skimmilk proteins in veronal buffer of pH 8.7 and 0.1 n. 

Storage properties of raw skimmilk. Fifteen ml. of a mixture of 5 ml. of 
skimmilk and 25 ml. of veronal buffer of pH 8.7 and 0.1 » were dialyzed against 
the buffer for 24 hr. Raw skimmilk was stored in an ice bath and at suitable 
time intervals samples were removed for electrophoresis. Mobilities calculated 
from the false boundary are recorded in table 3: 

A low protein concentration was employed in this study to-avoid the forma- 
tion of the floeculent precipitate which was observed after dialysis at higher con- 
centrations, but it beeame apparent that it was too low for the best performance of 
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TABLE 1 
Effect of storage at ice bath temperature on the mobilities of electrophoretic components of 
skimmilk Mallorized at 300° F. (A 1:3 dilution of skimmilk in Michaelis buffer at pH 
6.8 and y=0.1 after electrophoresis for 8,100 sec. at a field strength of 7.38 V./cm.) 


Mobility after storage (em.* 10°) 


Component 1 Component 2 Component 3 


aa da a d a 


Calculated from the initial boundary 


— 2.48 1.89 3.29 — 2.80 
— 2.84 — 2.12 — 3.65 — 3.20 
— 2.70 - 1.94 — 3.52 — 2.98 
— 3.20 — 2.66 — 4.06 — 3.70 
— 2.66 — 1.98 — 3.43 — 3.02 
— 2.78 2.12 3.59 -3.14 
0.270 0.315 0.294 0.344 


Caleulated from the false boundary 


— 2.61 1.80 3.47 — 2.70 — 4.82 — 3.97 
— 2.75 -1.71 — 3.52 — 2.80 — 4.82 — 4.06 
— 2.70 1.76 3.52 2.79 — 4.87 -4.01 
— 2.66 — 1.80 — 3.52 — 2.84 - 4.78 — 3.88 
— 2.61 1.67 — 3.38 2.70 4.78 — 3.97 
— 2.67 -1.75 — 3.48 2.77 4.81 3.98 
0.060 0.057 0.061 0.066 0.034 0.066 


+6 all peaks: 0.0585 


*a=ascending, d= descending. 

> optimum standard deviation. 

e  ealeulated from the false boundary. 
the electrophoresis apparatus and the boundaries appeared to lack the stability 
which they had at higher concentrations. Minor components were particularly 
difficult to interpret. A considerably higher optimum standard deviation was 
obtained for this series of rums, which may be due to the more erratic behavior 
at the lower protein concentration or to actual changes in mobility as the result 
of storage. In the absence of further confirmatory evidence, it was eoncluded 
that a two-day storage (1.e., electrophoresis performed on the third day following 
collection of milk) did not change electrophoretic mobilities. The patterns for 


TABLE 2 


Effect of potential gradient on the mobilities of electrophoretic components of 1:6 diluted 
skimmilk at pH 8.7. (Veronal buffer, p= 0.1) 


Mobility (cm.? 105) 


Potential Component0 Componentl Component 2 Component 3 
gradient phoresis 


(V./em.) (sec.) 
11.72 4,500 
5.63 9,000 


a d= descending. 


storage d 

| (d.) 

‘ 0 — 4.69 — 4.06 
= 5 — 4.96 — 4.46 
7 4.87 4.20 
11 5.32 -4.91 

Mean -4.93 -4.38 

0.334 0.329 

5 

7 

11 
Mean 

+6 

| 
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one and two days of storage were visually superimposable, indicating that no 
new components were formed. This is the most rigorous conclusion that could 
be drawn from these results, but justification may be found for it when it is re- 
membered that milks of varying qualities should not be expected to keep for the 
same period of time. The skimmilk, after 12 days of storage at ice bath tem- 
perature, had a bacterial count of 900,000 per ml. at 10° C. incubation. 


Dialysis Procedure 


Reiner and Fenichel (7) concluded that a mixture of 10 ml. of blood serum 
and 20 ml. of veronal buffer reached dialysis equilibrium against 20 vol. of the 
buffer in 150 min. at 1.5° C. in a mechanical dialyzer with Visking seamless cellu- 
lose tubing as the membrane. Preliminary runs in this study indicated that 
these findings could not be reproduced with skimmilk and a re-evalution of the 


TABLE 3 
Effect of storage at ice bath temperature on the mobilities of electrophoretic components of raw 
skimmilk. (A 1:6 dilution of skimmilk in veronal buffer at pH 8.7 and y=0.1 after 
electrophoresis for 4,500 sec. at a field strength of 11.97 V./em.) 


Mobility after storage (om.* sec.+ V.+ 10°) 


Time of 
storage 


Component 0 Component 1 Component 2 Component 3 


aa da a d a d 


— 2.52 — 3.35 — 6.05 

— 2.65 — 3.22 — 5.95 

— 2.48 3.10 — 5.60 

— 2.50 — 3.10 5.75 

10 — 2.68 — 3.42 6.10 

Mean — 2.55 A — 3.23 — 5.88 
0.111 0.104 0.102 =0.131 0.167 


aa=ascending, d= descending. 

> ¢=optimum standard deviation. 

e unable to calculate mobility due to extreme asymmetry of peak. 
a obseured by exposure. 


dialysis process became necessary. Experiments were set up to test the follow- 
ing: permeability of the membrane to protein nitrogen, time to reach dialysis 
equilibrium without buffer change at one pH, confirmation of this time at other 
PH levels and the effect of dialysis with and without buffer change. 
Determination of permeability of Visking seamless cellulose tubing to protein 
nitrogen. Raw skimmilk was dialyzed against phosphate buffer of pH 6.97 at 
ice bath temperature for 24 hr. Total and nonprotein nitrogen were determined 
on 10- and 40-ml. aliquots of the buffer, respectively, before and after dialysis 
and protein nitrogen was calculated by difference. Nonprotein nitrogen was 
obtained by a modification of the.method of Menefee et al. (5), which consists 
of dissolving 6 g. of trichloroacetic acid in approximately 4 ml. of H,O, adding 
this solution to 40 ml. of the sample and making up to 50 ml. with H,O. The 
mixture was shaken immediately and allowed to stand at room temperature for 
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lhr. Following filtration nitrogen was determined on a 10-ml. aliquot of the 
filtrate by the method of Hetrick and Whitney (2) with a slight modification. 
It was found necessary to use 0.8 ml. of concentrated H,SO, in the digestion of 
the buffer after dialysis and 0.5 ml. before dialysis. This makes it appear as 
though a true blank was not used, but, in the almost complete absence of organic 
matter, such as was the case in the buffer before dialysis, 0.8 ml. of acid affected 
the color of the Nessler-ammonia complex so as to give transmission values of 
over 100 per cent when compared to the color of a reagent blank containing only 
0.5 ml. of acid. After dialysis the increased amount of H,SO, had no dele- 
terious effect, as apparently a sufficieat amount of it was used up in digesting 
the organic matter and its concentration was lowered beyond the ievel at which 
it interfered. 

Table 4 indicates that some protein nitrogen diffused through the membrane 


TABLE 4 


Permeability of Visking seamless cellulose tubing. (Results given are the means of duplicate 
determinations) 


Fat test of whole milk (%) 
Fat test of skimmilk (%) 

Nitrogen content (%) 
pH of buffer .............. 
lonie strength of buffer 
Quantity of buffer used in dialysis (ml.) 
Quantity of milk used in dialysis (ml.) 

Temperature of dialysis 
Time of dialysis (hr.) ............ 


Sample 


Total nitrogen dialyzed (mg. im 10 Ml.) 
Nonprotein nitrogen dialyzed (mg. in 10 ml.) 
Protein nitrogen dialyzed (mg. im 10 ml.) 

Protein nitrogen dialyzed in 750 ml. of buffer (mo. ) 
Nitrogen in 30 ml. of skimmilk (mg.) . dein 
Protein nitrogen in 30 ml. of skimmilk (mg. ) sccm 
Protein nitrogen dialyzed from skimmilk (%) 


but, since the amount that diffused was less than 1 per cent of the total nitrogen 
in the milk, it constituted an amount which could not be detected with the electro- 
phoresis apparatus used in this study. Therefore, Visking seamless cellulose 
tubing was considered a satifactory membrane for the dialysis of skimmilk. 

Determination of dialysis equilibrium time. In checking the progress of 
dialysis, specific conductance and pH usually are determined. In this study 
three additional tests were employed: light absorption of the dialyzed suspen- 
sion, the mobility of electrophoretic components and the area under the « boun- 
dary. Dialysis was considered to be at equilibrium when pH, specific conduct- 
ance, light absorption, mobilities and the area of the « boundary remained con- 
stant within experimental error upon further dialysis. 

Fifteen ml. of a mixture consisting of one part of skimmilk heated to 300° F. 
by means of the Mallorizer and two parts of Michaelis buffer of pH 6.8, 0.173 » 
were dialyzed against 750 ml. of the same buffer at ice bath temperature in the 
mechanical dialyzer. Samples were dialyzed for 2, 8, 12, 15, 19, 24 and 36 hr. 


3.282 

0.079 
0.482 
6.97 
a 0.11 
1 2 Ay. 
0.1588 0.1619 0.1604 
A 0.1470 0.1463 0.1467 
0.0118 0.0156 0.0137 
a 0.8850 1.1700 0.9825 
148.94 148.94 148.94 

137.47 137.53 137.50 
9 0.643 0.851 0.747 
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Conductance measurements were made at 0° C. by means of an Industrial 
conductivity bridge and a Perkin-Elmer conductivity cell. Light transmission 
was measured in a Coleman spectrophotometer at 375 my. Since some of the 
suspensions were quite opaque, it was necessary to dilute all of them with five 
parts of the buffer. Measurements were made against water set at 100 per cent 
transmission. Electrophoresis was carried out for 8,100 sec. with a current of 
18 ma. and mobilities were caleulated from the false boundary. Areas of the 
false boundaries were measured with a planimeter on enlarged tracings, three of 
which were drawn for each boundary. The « rather than § boundary was selected 
for examination, as the phenomenon here was not complicated by the presence of 
a protein gradient. 

pH measurements proved to be an unsatisfactory test as the dilution of the 
skimmilk with buffer was sufficient to equilibrate the pH. Results of all other 
measurements are summarized in figure 1. Only the mobilities of component 3d 


so 4 


7 


5% 

35 
5¢ 

624 +20 


1 | i i= fe} 

i?) 5 0 15 20 25 30 35 40 

TIME OF DIALYSIS 
IN HOURS 

Fig. 1. Effect of time of dialysis on various properties of dialyzed skimmilk. A 1: 3% 
dilution of skimmilk in Michaelis buffer at pH 6.8 and »=0.173 at ice bath temperature. 
(a) Light transmission, (b) specific conductance, (¢c) mobility of component 3d, (d) area of e 
boundary. 


were plotted because they were subject to the greatest variations and thus af- 
forded the most rigorous test. Not all equilibria are established at the same 
time. Light transmission values did not change after 8 hr. of dialysis. Within 
an inherent error of +1 per cent in the conductance measurements this equi- 
librium was reached after 12 hr. of dialysis. This is a considerably longer time 
than that reported by Reiner and Fenichel (7) for blood serum. The difference 
may be due to a different behavior of the salt system in blood as compared to 
that in milk. The above authors stated that blood serum salts consist largely of 
NaCl and NaHCO;. An even longer time for dialysis equilibrium is required 
from consideration of the mobilities and areas of false boundaries. It was shown 
earlier that the optimum standard deviation for the mobility of component 3d 
was + 0.066 and, therefore, at the 5 per cent confidence level 15 hr. or longer 
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were required for equilibrium. An optimum standard deviation for area meas- 
urements was found from eight separate tracings of a boundary with an approxi- 
mate area of 0.5 planimeter units and was calculated to be 0.032. Therefore, at 
the 5 per cent confidence level this equilibrium was established after 19 hr. of 
dialysis. 

On the basis of these findings a short dialysis time is not possible even with 
the use of the mechanical dialyzer, and therefore, a dialysis time of 24 hr. was 
selected for subsequent determinations because of the benefits of a safety factor 
and greater convenience of this time interval. 

Confirmation of dialysis equilibrium time using other buffers. Fifteen ml. 
of a mixture of one part of raw skimmilk and three parts of buffer were dialyzed 
against three different buffers for 24 and 36 hr. The buffers used were veronal 
at pH 8.7, 0.1 ,, acetate at pH 5.6, 0.1 and glycine hydrochloride at pH 2.2, 
0.1 p. 

In preliminary runs, it was observed that when raw skimmilk at this concen- 
tration was dialyzed against the veronal or the acetate buffer a fine flocculent 
precipitate often became visible as the suspension become transparent. The 
same precipitate was observed when dialyzed against 0.1M NaCl solution. As 
this concentration of NaCl hardly could be considered high enough to cause pre- 
cipitation of proteins, a procedure was adopted which involved first a dialysis 
for 24 hr. against 0.1M NaCl solution, filtration and then a second dialysis against 
the desired buffer. An electrophoretic comparison revealed no differences within 
experimental error in mobilities and relative concentrations of components be- 
tween a filtered and an unfiltered sample. Samples which were heated to 300° F. 
in the Mallorizer did not develop the precipitate. 

No precipitate ever was observed when the glycine hydrochloride buffer was 
used. Prior to dialysis against this buffer, however, it was necessary to titrate 
the milk rapidly across the isoelectric region. This was accomplished by dilut- 
ing one part of skimmilk with two parts of water and adding a predetermined 
amount of concentrated HCl rapidly under electric stirrer agitation. When this 
procedure was not followed, copious precipitation of proteins occurred. Results 
are given in tables 5,6 and 7. Only component Sa in table 6 had a mobility after 
36 hr. which was different by more than 2¢ (¢ for all components = + 0.0585) 
from that after 24 hr. of dialysis. All other components may be said with 95 
per cent confidence to have remained unchanged under the two treatments. No 
explanation is available to account for the change in mobility of component Sa, 
but it was observed in other studies using only a 24-hr. dialysis period that the 
mobility of this component was not reproducible. At pH 5.6 no « boundary was 
observed after 24 or 36 hr. of dialysis. It is possible, however, that it was present 
but could not be observed because of its small size and possible proximity of 
component A, whose counterpart was observed in the rising pattern, with the 
possible result of a raised base line and obscurement of both peaks. Since all 
differences in the areas of the « boundary could be accounted for by the 2 ¢ spread, 
a conclusion that a 24-hr. dialysis under the above conditions is adequate appears 
justified. 
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TABLE 5 


Effect of time of dialysis upon the electrophoretic properties of skimmilk diluted 1: 4 in veronal 
buffer of pH 8.7 and ionic strength of 0.1, (After electrophoresis for 
4,500 sec. at a field strength of 11.98 V./em.) 


Mobility after dialysise for: 


Component (em.? x 10°) 


24 hr. 36 hr. 


-2.91 
— 4.14 4.14 
— 5.65 — 5.65 
— 6.95 — 6.95 
— 2.30 — 2.30 
— 3.32 — 3.32 
— 5.09 -5.01 
— 6.29 — 6.34 


Area of ¢ boundary 
(planimeter units) 0.158 0.148 


a Measured from the false boundary. 
ba=ascending, d= descending. 


Comparison of dialysis of skimmilk with and without a change of buffer. To 
secure a knowledge of the effects of double as compared to single dialysis, a 
direct comparison was made of the two procedures. In the single dialysis pro- 
cedure, a mixture of 10 ml. of skimmilk heated to 300° F. by means of the Mal- 
lorizer and 20 ml. of Michaelis buffer of pH 6.8, 0.173 » was dialyzed against the 


same buffer for 24 hr. at ice bath temperature. In double dialysis the outside 
buffer was replaced after 24 hr. with the same amount of fresh buffer and dialysis 
was continued for an additional 24 hr. 


TABLE 6 
Effect of time of dialysis upon the electrophoretic properties of skimmilk diluted 1: 4 in acetate 
buffer of pH 8.7 afd ionic strength of 0.1. (After electrophoresis for 
6,000 sec. at a field strength of 11.31 V./cm.) 


Mobility after dialysis* for: 


Component sec.“ V.-1 x 10°) 


24 hr. 36 hr. 


Aab — 0.75 - 0.72 
Ba - 1.24 1.28 
la -1.79 — 1.83 
Ca — 3.01 — 3.01 
Sa —3.91 4.20 

— 5.22 —5.18 

1.34 1.34 

— 2.73 2.73 
Dd — 4.53 — 4.53 
3d — 4.64 — 4.64 


Area of ¢ boundary 
(planimeter units) 0.00 0.00 


a Measured from the false boundary in the ascending pattern and the initial boundary in 
the descending pattern. 
ba=ascending, d= descending. 


Oab 
la 
2a 
3a 
Odb 
ld 
2d 
3d 
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TABLE 7 


Effect of time of dialysis upon the electrophoretic properties of skimmilk diluted 1: 4 in glycine 
hydrochloride buffer of pH 2.2 and ionic strength of 0.1. (After electrophoresis 
for 5,400 sec. at a field strength of 8.49 V./cm.) 


Mobility after dialysis for: 
(om. sec.’ V. x 10°) 


Area of ¢ boundary 
(planimeter units) 


® Measured from the false boundary. 
>ba=ascending, d= descending. 


Mobility measurements from all patterns are recorded in table 8 and it can 
be seen that with one exception all mobilities are somewhat higher from the double 
dialysis. Assuming an homogeneity of error, an analysis of variance calculated 
on the results of duplicate determinations revealed that double dialysis gave rise 
to different results which were significant at between the 5 per cent and the 
1 per cent confidence level. If only single determinations are to be made, this 
advantage of double dialysis becomes somewhat questionable. 


SUMMARY AND CONCLUSIONS 


A satisfactory skimmilk for electrophoresis can be obtained by a single sep- 
aration in a DeLaval airtight separator of 3,500 lb. per hour capacity. 


TABLE 8 


4ffect of single and double dialysis on electrophoretic mobilities.s (1:3 dilution of skimmilk 
in Michaelis buffer of pH 6.8 and y=0.173, after electrophoresis for 8,100 sec.) 


Mobility sec. x 10°) 


Component 3 


& Measured from the false boundary. 
ascending, d= descending. 
¢ Field strength = 7.52 V./em. 
4 Field strength =7.38 V./em. 


a 24 hr. 36 hr. 
3 Eab 2.52 2.52 
Fa 4.84 4.84 
Ga 6.14 6.22 
: Ha 7.69 7.65 
Ja 9.62 9.62 
Ed> 1.82 1.82 
Fa 3.96 3.92 
3 Gd 5.40 5.36 
: Hd 7.28 7.32 
Ja 8.88 8.82 
| 0.105 0.105 
4 
Dialysis Component 1 Component 2 
: 5 ab db a d a d 
Singlet...  —2.74 -1,97 — 3.75 5.04 4,28 
Single .........  —2.86 1.98 — 3.83 2.95 —5.15 4.25 
Mean —2.80 1.975 - 3.79 — 2.95 -5.095  -4.265 
Double? -2.93 2.02 3.02 -5.17 4.39 
Double —2.91 2.07 — 3.85 -3.11 -5.21 4.37 
Mean 2,045 3.83 — 3.065 -5.19 4.38 
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The presence of 0.09 per cent fat did not interfere in electrophoresis, but 
higher fat contents in skimmilk gave rise to light absorption and uneven exposure 
of photographic film. The boundary between the overexposed and underex- 
posed portions of the patterns is found at the component 2 (-lactoglobulin) 
boundary at pH 6.8 and 8.7. 

Visking seamless cellulose tubing was found satisfactory as a dialysis mem- 
brane, as it allowed less than 1 per cent of the total protein nitrogen to dialyze out. 

Skimmilk heated to 300° F. by means of the Mallorizer was stored for 14 days 
at ice-bath temperature, including dialysis, without showing change in its electro- 
phoretic properties. Raw skimmilk stored for 3 days at ice-bath temperature, 
including dialysis, did not change electrophoretically. 

It required between 15 and 19 hr. of dialysis with mechanical stirring to reach 
equilibrium as measured by mobilities and area of « boundary. Specific con- 
ductance, light absorption and pH equilibria were established more rapidly. 

Dialysis with a change of buffer gave rise to slightly higher mobilities than 
one without buffer change. 

Dialysis for 24 hr. was found adequate in three different buffers having an 
ionic strength of 0.1 and pH’s of 2.2, 5.6 and 8.7. 
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ELECTROPHORETIC PROPERTIES OF MILK PROTEINS. II. EFFECT 
OF HEATING TO 300° F. BY MEANS OF THE MALLORY SMALL- 
TUBE HEAT EXCHANGER’ ON SKIMMILK PROTEINS 


J. TOBIAS,2 R. McL. WHITNEY anp P. H. TRACY 
Department of Food Technology, Universtiy of Illinois, Urbans 


Mellander (12) was the first to obtain an electrophoretic pattern of skimmilk 
and of casein. Other investigators (4, 5, 6, 7, 8, 14, 21) studied various prepara- 
tions of casein. Slatter and Van Winkle (15) heated skimmilk to 65, 75 and 
85° C. for 30 min. and observed changes in the electrophoretic patterns as a result 
of the heat treatment. The whey proteins of milk and colostrum have received 
considerable attention in the past few years (1, 2, 3, 7, 9, 11, 16, 17, 18, 19). 
While whey is considered to contain six or more components, only the immune 
globulins (16; 17) and £-lactoglobulin (1, 2, 9, 11, 18, 19) have been studied 
in detail. 

The present research was undertaken to compare the electrophoretic proper- 
ties of raw skimmilk with those of the same skimmilk heated at one well controlled 
heating temperature and time of exposure. 


EXPERIMENTAL PROCEDURE 


Milk as received at the University Creamery was separated and, after secur- 
ing the unheated sample of skimmilk, the temperature of the balance was raised 
to 300° F. by means of the Mallory tubular heater. The cycle was 4 sec. heat- 
ing, 2.1 see. holding and 6.1 sec. cooling. The maximum variation in heating 
temperature was not greater than 1° F. Both unheated and heated samples 
were stored in an ice bath until dialysis. 

The skimmilk was diluted to one-fourth the original concentration (~ 0.9 
per cent protein) and dialyzed for 24 hr. against the following buffers: veronal 
at pH 8.7, acetate at pH 5.6 and glycine hydrochloride at pH 2.2. Electro- 
phoresis was carried out in a Perkin-Elmer Tiselius electrophoresis apparatus 
for 4,500 see. with a current of 12.0 ma. at pH 8.7, 6,000 sec. with a current of 
12.5 ma. at pH 5.6 and 4,800 sec. with a current of 15 ma. at pH 2.2. Unless 
otherwise indicated, mobilities were calculated from the false boundaries of both 
the ascending and the descending patterns and area measurements were made 
from enlarged tracings by means of a planimeter. Corrections for the 8 and « 
effects were made as suggested by Longsworth e¢ al. (10). Other details of 
methodology were given previously (20). 

Received for publication July 17, 1952. 
1 Mallorizer. U.S. Patent no. 2,270,540. 
2 The data published here are taken from a thesis presented by the senior author to the 


Faculty of the Graduate School, University of Illinois, in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy, Feb., 1952. 
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RESULTS 


Results showing the effect of heating to 300° F’. by means of the Mallory heater 
are given in tables 1, 2 and 3 and in figure 1. The data represent the means of 
three determinations on different milk samples. With the exception of the 
mobility of one component at one pH, replicate determinations did not differ by 
more than twice the standard deviation from the mean as determined from five 
replicates for mobility measurements and six replicates for the area measure- 
ments obtained from a single milk sample (20). 


TABLE 1 


Effect of Mallorization of 300° F. on the electrophoretic properties of skimmilk proteins at 
pH 8.7. (1:4 dilution of skimmilk equilibrated against veronal buffer of 0.1 ionic strength) 


Ascending Deseending 


Component Rela- Abso- Rela- 
tive Mobility> lute tive Mobility> 
area® area area® 


(plani- 

em? sec. 
meter 108) 
units) 


(%) 


Unheated 
Yiglinastt 0.044 3.3 — 2.92 6.035 — 2.32 
dlesleceans 0.384 29.5 — 4.16 0.357 - 3.34 
(pactoglobulin 0.160 12.2 — 5.54 0.128 ; — 5.09 


(a-easein) 0.715 54.9 - 6.95 0.970 — 6.35 
Mallorized (300° F.) 


0 
(y-casein ) 0.040 2.7 — 2.98 0.022 — 2.22 


1 
(B-casein) 0.420, 28.7 -4.21 0.363 -3.39 
2 


(B-lactoglobulin) 0.132 9.0 -5.38 0.110 - 4.69 
3 
(a-casein) 0.868 59.5 — 6.82 0.982 - 6.08 


@ Corrected for the § and ¢ effect. 
» Caleulated from the false boundary. 


DISCUSSION 


Identification of components. Mellander (12), working with a phosphate 
buffer of pH 6.9 and 0.1, presented evidence that the electrophoretically ob- 
served components of skimmilk are a-casein, £-lactoglobulin, 8-casein and y-casein, 
in the order of decreasing mobilities. Although the boundary which Mellander 
considered to be due to y-casein now is generally recognized as a false boundary, 
the existence of a- and f-casein has been confirmed by Krejei et al. (8) and 
Warner (21). A very similar pattern of skimmilk to that of Mellander was 
obtained by the present authors (20) in Michaelis buffer of pH 6.8, 0.173 p. 

Warner (21), postulating only two components of casein in veronal buffer of 
pH 7.78, 0.1, reported the mobility of the a-casein boundary as — 6.30 x 10° 


units) 
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and that of the B-casein boundary as —2.92x10°°. Hipp et al. (4) observed 
three components of casein in veronal buffer of pH 8.4, 0.1, using a protein 
concentration of 1 per cent. Upon fractionation, these components yielded mo- 
bilities of 6.75 10° for a-casein, —3.05x10~° for B-casein and — 2.01 x 10° 
for y-casein. The values obtained in the present study for raw skimmilk at 
pH 8.7, 0.1 » caleulated from the descending patterns were — 6.35 x 10°, — 5.09 x 


TABLE 2 


Effect of Mallorization at 300° F. on the electrophoretic properties of skimmilk proteins at 
pH 5.6. (1:4 dilution of skimmilk equilibrated against acetate buffer of 0.1 ionic strength) 


Ascending Descending 


Component Abso- Rela- Abso- Rela- 
lute tive Mobility> lute tive Mobilitye 
area® area area® 


(%) (om.? sec, 


2 -1 


Unheated 
A 


(B — y-casein 0.015 1.3 - 0.75 None None None 
complex) 
B 


(B — y-casein 0.060 5.3 - 1.27 None None None 
complex) 
1 
(B-casein ) 0.283 24.7 -1,77 0.370 27.6 — 1.30 
2 
(B-lactoglobulin). 0.024 2.1 — 3.27 0.021 1.6 — 2.81 
8 0.060 5.3 — 4.20 None None None 


(a-easein- B-lacto- 
globulin complex) None None None 0.071 5.3 - 4.50 

3 


(a-casein) 0.695 61.2 - 5.31 0.806 65.5 — 4.80 
Mallorized (300° F.) 


A 
(B-y casein 
complex) 0.019 1.5 — 0.76 None None - None 
1 


(B-casein ) 0.309 24.4 -1.77 0.290 19.9 - 1.39 

2 
(B-lactoglobulin) 0.032 2.4 — 3.38 0.045 3 — 3.06 
8 0.088 7.0 - 4.20 None None None 

3 


(a-casein) 0.818 64.5 — 5.20 1.118 76.9 — 4.68 


a Corrected for the § and ¢ effect. 
> Calevlated from the false boundary. 
¢ Calculated from the initial boundary. 


10°, —3.34x 10° and —2.32x 10° em.? volt-? see’. Upon comparison with 
the results of Warner and Hipp e¢ al., the only component which does not agree 
within reasonable limits is the one with a mobility of — 5.09 x 10°, and it may be 
assumed, therefore, that this component is not a casein fraction. 

Mobilities reported for 8-lactoglobulin in veronal buffer of pH 8.6 and an 
ionic strength of 0.1 were — 5.1 x 10° by Smith (16) in a mixture of whey proteins 


(plani- (p 
meter 
units) 
2 
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and — 5.8 x 10-° by Bain and Deutsch (1) as a separated fraction. Since several 
investigators (12, 17, 21) have shown that the mobilities of milk proteins are not 
the same in mixtures as in pure form, it may be assumed that Smith and Bain and 
Deutsch had reference to the same component of whey and that component 2 
in the present study is £-lactoglobulin. 

It also is to be noted that according to Menefee et al. (13) ‘‘albumin’’ nitro- 
gen constitutes 8 to 11 per cent of the total nitrogen of milk, which values are 
of the same order of magnitude as the relative areas due to component 2 as shown 
in table 1. 

Although in reporting mobilities and relative concentrations of component 
3 (a-casein) in table 1, it was assumed that this component was homogeneous at 


TABLE 3 


Effect of Mallorization at 300° F. on the electrophoretic properties of skimmilk proteins at 
pH 2.2. (1: 4 dilution of skimmilk equilibrated against glycine 
hydrochloride buffer of 0.1 ionic strength) 


Ascending 


Descending 


Component Abso- Rela- Abso- Rela- 
4 lute tive Mobility» lute tive Mobility> 
area area areas 


(plani- (plani- sec. 
meter (%) 108) meter (%) 108) 
units) units) 
Unheated 
D 0.058 4.2 + 2.65 0.042 3.1 + 1.95 
E 0.153 11.0 + 3.65 0.140 10.4 +2.90 
G 0.992 72.4 +6.21 1.010 74.2 +5.56 
H 0.046 3.4 + 7.86 0.057 4.3 +7.45 
2 
(B-lactoglobulin) 0.122 8.9 + 9.87 0.108 8.0 +9.08 
Mallorized (300° F.) 
E 0.147 11.0 + 3.70 0.132 9.3 +2.72 
G 1.144° 85.9 + 6.19 1.191 87.6 +5.35 
H 0.028 2.1 4 7.80 0.036 2.5 +7.26 
2 
(B-lactoglobulin) 0.014 1.0 +9.61 0.010 0.7 +9.36 


a Corrected for the § and ¢ effect. 
> Caleulated from the false boundary. 


pH 8.7, it can be seen from figure la that in the rising pattern of skimmilk com- 
ponent 3 split into three components. This is a confirmation of the results of 
Warner (21), who found that at a concentration of less than 1 per cent protein 
the rising boundary of a-casein was not homogeneous and lends further support 
to the assumption that component 3 in the present study was a-casein. Hipp et al. 
(5), in a recent publication, did not observe the splitting of the a boundary and 
ascribed that to the fact that a composite milk was used. In this study the in- 
homogeneity was observed even though a composite sample was employed. 

It also was noted that, in some skimmilk samples, the three components of the 
rising boundary of a-casein were quite sharp and distinct, whereas in other 
samples one of the peaks was questionable and exhibited itself at most as an 


| 
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asymmetry. Although this problem was not studied exhaustively, a possibility 
is suggested for differences in milks. 

The relative area due to 8-casein was larger in the ascending pattern than in 
the descending pattern. This also was observed by Krejei et al. (8) and by 
Warner (21) and was attributed by them, though not entirely explained, to an 
association phenomenon between a- and £-casein. 

An examination of table 2 (unheated sample at pH 5.6) reveals considerable 
difference between the ascending and the descending patterns (also see figure 1c). 
While six components were present in the ascending patterns, there were only 
four in the descending patterns. Components 1 and 3 in both patterns appeared 
to have remained similar to those observed at pH 8.7, but even they have lost 
considerable sharpness which suggests some inhomogeneity. Component S was 
observed by Warner in a system containing pure a- or 8-casein and therefore it 
must be considered either an anomaly or an unknown casein fraction which is 
not resolved at higher pH. 

y-Casein, according to Hipp et al. (4), has an isoelectric point of pH 5.8 to 
6.0 and should, therefore, have a positive mobility at pH 5.6. If that were so, 
y-casein would not appear in any of the patterns and the relative area of the 
remaining components should increase by a proportional amount. Results of 
table 2 do not confirm such a hypothesis but rather lend support to a view that 
y-ceasein still is moving with a negative mobility but that it is associated with 
B-casein. Therefore, components A and B may be y-casein-8-casein complexes. 
In the descending patterns, these complexes are only exhibited as asymmetries of 
component 1 (-casein). 

According to Li (9) 8-lactoglobulin is homogeneous at pH 5.6 in acetate buffer 
of an ionic strength of 0.1 and has a mobility of -2.5x10-°. The bovine lacto- 
globulin of Bain and Deutsch had a mobility of —3.5 x 10° at pH 6.0 in acetate 
buffer with an ionic strength of 0.1. In the present study, a component with a 
mobility of — 2.81 x 10-° was cbserved at pH 5.6 but the relative area due to this 
component was not sufficient to account for all of B-lactoglobulin found in the 
patterns of pH 8.7 (component 2). 

Examination of the electrophoretic patterns of casein obtained by Warner (21) 
at pH 5.63 discloses homogeneous a- and f-casein boundaries and it suggests, there- 
fore, that the inhomogeneity of the patterns obtained in the present study was 
caused by inhomogeneity of these components of skimmilk. The relative areas 
of all components found at pH 8.7 (table 1) may be accounted for at pH 5.6 
(table 2) by assuming a complex formation between y- and f-casein as shown 
above and another complex between f-lactoglobulin and a-casein (component 7’), 
which is present only as an asymmetry of component 1 (a-casein complex) in 


Fie. 1. Effect of heating to 300° F. with a Mallorizer on the electrophoretic patterns of 
1 to 4 dilution of skimmilk in various buffers of »=0.1. (a) Unheated and (b) heated skim- 
milk in veronal buffer of pH 8.7 after 4,500 sec. electrophoresis with a current of 12 ma. (c) 
Unheated and (d) heated skimmilk in acetate buffer of pH 5.6 after 6,000 sec. electrophoresis 
with a current of 12.5 ma. (e) Unheated and (f) heated skimmilk in. glycine hydrochloride 
buffer of pH 2.2 after 4,800 sec. electrophoresis with a current of 15 ma. 
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the rising pattern. The exact relative areas of the components could not be 
obtained because of the uncertainty, in many cases, where one component ended 
and another started. All interpretations were made keeping this uncertainty 
in mind. 

No association between a- and f-casein need be postulated at pH 5.6 to ae- 
count for all the components, which indicates that the association observed by 
Warner (21) at this pH may have been due to the method of preparation of the 
casein. 

An examination of table 3 (unheated sample at pH 2.2) and figure 1d dis- 
closes what appears to be a different set of components from those observed on 
the alkaline side of the isoelectric point. Warner (21) and Hipp et al. (4) re- 
ported that a-, B- and y-casein are not homogeneous on the acid side of the iso- 
electric point but give rise to an undetermined number of components. In the 
present study, an attempt was made, nevertheless, to assign certain well-defined 
areas of the patterns component designation, even though it was not possible to 
deduce their identity. Component 2 perhaps was the only component which 
could be identified with a reasonable degree of certainty. According to Bain 
and Deutsch (1), bovine lactoglobulin has a mobility of + 10.3 x 10- at pH 3.0. 
The mobility of component 2 was found to be + 9.08 x 10-° (descending pattern). 
Warner (21), in studying casein at pH 3.07, did not observe any component that 
had such a high mobility. Therefore, on the basis of mobility, relative area and 
the probability that it is not a casein fraction, component 2 at pH 2.2 may be 
assumed to be B-lactoglobulin. 

The only other generalization which may be deduced from the results at 
pH 2.2 is that component G probably contains the bulk of the a-casein. It also 
should be pointed out that there is no apparent reason why the same components 
should be present on the acid side of the isoelectric point as have been found on 
the alkaline side. The division into components on this side is on the basis of 
the positively charged groups, which are not necessarily related to the acidic 
groups which determine the electrophoretic behavior on the alkaline side of the 
isoelectric point. 

The interpretations rendered above could be confirmed in further studies by 
adding purified components to the skimmilk and observing where they appeared 
in the patterns. 

No effort was made to determine the isoelectric points of the various skim- 
milk constituents from the results of tables 1 through 3, since the casein com- 
ponents at pH 2.2 could not be identified with those above the isoelectric point 
and because the large interval between the positive and negative mobilities placed 
a great deal of uncertainty on the portion of the curve passing through zero 
mobility. 

It is unlikely that milk proteins other than those postulated above should have 
been observed in the patterns, as they would be present in such small quantities 
as to make their detection impossible. 

Variations from milk to milk. With regard to variations in the electro- 
phoretic properties of the milk proteins with different samples of milk, a rig- 
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orous statistical analysis would have failed because of the inhomogeneity of the 
errors in mobility determinations and a questionable homogeneity of error in 
area measurements. To get some indication, however, of the constancy of the 
milk a homogeneous error was assumed and the 26 test was applied to the mo- 
bilities and relative areas of all components. The differences in the relative 
areas of all components in the various milks were less than the 2 spread and 
only the mobility of component S at pH 5.6 in the sample Mallorized at 300° F. 
was significant at. the 5 per cent level. It was noted, however, in the present study 
as well as in previous runs at pH 5.6 that the mobility of this component was 
not reproducible in the same milk as well as between different milks. 

Effect of heating by means of the Mallory heater at 300° F. The effect of 
Mallorization at 300° F. on the electrophoretic properties of skimmilk at pH 8.7 
may be observed from table 1 and figure 1b. The mobilities of components 2 
(B-lactoglobulin) and 3 (a-casein) were lowered by heating but a greater decrease 
was observed in the descending than in the rising patterns suggesting that heat- 
ing resulted in greater viscosity of the skimmilk. However, this explanation 
alone is not tenable because components 0 (y-casein) and 1 (B-casein) in the 
rising patterns should have been slowed by the greater viscosity also, which is 
contrary to the results. It may be speculated, therefore, that Mallorization at 
300° F. in some way changed the particle structure so as to alter the available 
negative groups of components 2 (8-lactoglobulin) and 3 (a-casein). B- and 
y-casein appear to be more heat stable in this respect. 

Mallorization at 300° F. also resulted in greater symmetry of component 3 
(a-easein) (figure 1b) which also may have been due to a change in structure 
with the result of making more uniform the constituents of that component. 

Examination of table 2 and figure 1d (pH 5.6) reveals that Mallorization at 
300° F. resulted in the disappearance of component B (8-, y-casein complex) in 
the ascending pattern and component T (a-casein-8-lactoglobulin complex) in the 
descending pattern while the relative area of component 3 (a-casein complex) 
inereased, apparently at the expense of components B and T. This implies that 
a-casein in the sample Mallorized at 300° F. is a complex of a-, B- and y-casein 
and £-lactoglobulin. It is interesting to note that this interpretation requires 
that che only £-casein that is complexed with a-casein is that which was originally 
compiexed with y-casein in the unheated sample. 

The fact that the Mallorized sample at pH 5.6 exhibited a-, B-casein associa- 
tion is a qualitative confirmation of the findings of Warner (21). The absence 
of the phenomenon in the unheated samples suggests that the association was 
induced by heat or in Warner’s work by the method by which the casein was 
prepared. 

The mobility of a-casein (complex) at pH 5.6 was lowered by Mallorization at 
300° F. from that of the a-casein in the unheated sample, while that of com- 
ponent 2 which may be postulated as the uncomplexed f-laetoglobulin was in- 
creased. The latter phenomenon is reminiscent of the findings of Briggs and 
Hull (2) that 8-lactoglobulin upon heat denaturation gave rise to a peak of higher 
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mobility. The mobility of 8-casein and component A remained unchanged, in 
which respect both y- and £-casein behaved in the same manner as at pH 8.7. 

An examination of figure 1b discloses that the boundaries due to component 1 
(8-easein) and 3 (a-casein complex) are much sharper in the samples Mallorized 
at 300° F. than in the unheated samples and exhibit very little, if any, inhomo- 
geneity, indicating at least for a-casein that a change of structure may have 
taken place. 

At pH 2.2, as may be seen in table 3 and figure le, Mallorization at 300° F. 
resulted in a redistribution of component 2 (8-lactoglobulin) and component D. 
Component @ showed a marked increase in relative area apparently at the ex- 
pense of 8-lactoglobulin and component D. 

The mobility of 8-lactoglobulin upon heating increased in the descending 
pattern and decreased in the ascending pattern. This may have its explanation 
in the fact that due to the extremely small size of this component its velocity was 
difficult to measure. All other components exhibited lower mobilities in the de- 
scending pattern upon Mallorization while no change in the mobilities was ob- 
served in the ascending pattern. It was observed at all pH levels that the 
mobilities caleulated from the ascending patterns were less sensitive to change 
upon heating than were those calculated from the descending patterns. 


CONCLUSIONS 


On the basis of studies conducted with 1:4 dilution of skimmilk in veronal 
(pH 8.7), acetate (pH 5.6) and glycine hydrochloride (pH 2.2) buffers with an 


ionic strength of 0.1, the tentative identification of electrophoretic components 
in the order of increasing mobilities is as follows: 

(a) at pH 8.7: y-casein, 8-casein, 8-lactoglobulin and a-casein. 

(b) at pH 5.6: B-, y-casein complex A, B-, y-casein complex B, B-casein, B-lac- 
toglobulin, component S which is either an unknown casein component or an 
anomaly appearing only in the ascending pattern, a-casein-B-lactoglobulin com- 
plex T and a-casein. 

(ec) at pH 2.2: D, HZ, G and Z are unidentified casein components, and the 
fifth component is B-lactoglobulin. 

The following changes are- indicated in the electrophoretic properties as a 
result of heating to 300° F. by means of the Mallory heater : 

(a) at pH 8.7: the mobilities of a-casein and f-lactoglobulin are decreased, 
possibly due to structural changes, and the boundary of a-casein becomes more 
symmetrical. 

(b) at pH 5.6: the B-, y-casein complex B becomes associated with the a-casein- 
8-lactoglobulin complex and free a-casein to form a more or less electrophoreti- 
cally homogeneous component with a mobility lower than that of original a-casein, 
while the mobility of free B-lactoglobulin is increased. 

(ec) at pH 2.2: B-lactoglobulin and the unidentified casein component D are 
redistributed among the other components with the mobilities of all casein com- 
ponents apparently lowered. 
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LIPIDS IN BLOOD PLASMA OF YOUNG DAIRY CALVES"? 


J. H. ZALETEL, R. 8S. ALLEN anp N. L. JACOBSON 
Iowa Agricultural Experiment Station, Ames 


The lipid level in the blood plasma of the newborn dairy calf has been demon- 
strated to be extremely low and marked increases occur after consumption of 
colostrum (2,18). Although the nutritional implications are not clearly under- 
stood, this change may involve an increase in certain plasma lipid fractions essen- 
tial to normal post-natal development. The lipid portion of colostrum and 
whole milk is an important dietary source of energy and of certain fat-soluble 
vitamins for the young calf, but whether the lipids supply other essential nu- 
trients is unknown. 

Since little information is available regarding the various plasma lipids of 
the young calf, the present investigation was initiated to study the early post- 
natal changes in the blood plasma levels of neutral fats, phospholipids, free cho- 
lesterol, ester cholesterol, ‘‘ester’’ fatty acids and ‘‘free’’ fatty acids. 


EXPERIMENTAL 


Seven Holstein and four Brown Swiss calves from the Iowa State College 
dairy herd were allowed colostrum ad libitum from their respective dams for 3 
days following birth, and were fed whole milk (5 lb. per 100 lb. body weight) at 
approximately 6 a.m. the fourth day. 

Samples of venous blood were drawn at birth and on the second and fourth 
days thereafter (six calves) or at daily intervals during the first 4 days follow- 
ing birth (five calves). Except for the sampling at birth, all samples were col- 
lected between 9 and 10 a.m. Heparin was employed as the anticoagulant. 

Following centrifugation of the blood, the lipids of each plasma sample were 
extracted with alcohol-ether (3:1) using a solvent: plasma ratio of 20 tol. The 
flask containing the alcohol-ether extract was placed in a water bath maintained 
at 55 to 60° C. and the solution was evaporated to dryness under reduced pres- 
sure. The residue was extracted with redistilled Skellysolve A (petroleum ether, 
b.p. 32 to 36° C.) and the remaining portion was dissolved in water. 

The Skellysolve A extract and the aqueous phase (made alkaline to phenol 
red if not initially alkaline) were combined and agitated to assure removal of all 
suspended material in the petroleum ether extract (19). After separation of 
the liquid phases, the petroleum ether layer was transferred te a volumetric 
flask. Three subsequent extractions of the aqueous phase were made with redis- 
tilled Skellysolve A. These petroleum ether extracts were combined and here- 
after are referred to as solution A. The aqueous solution, which contained the 
‘*soaps’’ of the free fatty acids, was acidified with 25 per cent H,SO, and the 
liberated ‘‘free’’ fatty acids were extracted with redistilled Skellysolve A. 


Received for publication July 17, 1952. 
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1046 


i 
. 


LIPIDS IN BLOOD PLASMA 1047 


Aliquots of solution A were taken for the separation of the phospholipids 
with acetone and MgCl, (5). Free cholesterol was precipitated from the acetone 
soluble fraction by employing the digitonin procedure described by Boyd (6). 

Aliquots of solution A were saponified according to the method of Boyd (6), 
and after acidification, the liberated fatty acids, cholesterol and nonsaponifiable 
components were extracted with redistilled Skellysolve A. The ester fatty acids 
(derived from the triglycerides, phospholipids and cholesterol esters) were sep- 
arated from the mixture by employing an aleoholic-alkaline wash, as suggested 
by Wilson and Hansen (17). Total cholesterol was precipitated with digitonin 
(6). 

The quantities of each of the above lipid fractions (free fatty acids, phospho- 
lipids, free cholesterol, ester fatty acids, and total cholesterol) were determined 
by the micro-oxidative techniques of Bloor (5) and Boyd (6). Neutral fat fatty 
acids were obtained by subtracting the sum of the phospholipid and cholesterol 
ester fatty acids from the total ester fatty acids; neutral fat was derived by 
multiplication of the neutral fat fatty acid values by 1.05 (6) ; and total lipids 
were obtained by summation of the appropriate plasma lipids (including the 
free fatty acids). In addition, the Allen volumetric method (1) was employed 
to estimate the plasma fat value for each sample. 


TABLE 1 
Blood plasma lipids in young dairy calves 


Age (days) 
0 (birth) 2 
(mg./100 ml. plasma) 


Plasma lipid 


Total lipid 59+6 
Neutral fats 23+3 
Ester cholesterol I 11+2 
Free cholesterol 5+1 
Phospholipid 7+3 
Free fatty acids 8+3 
Allen fat 25+3 


a Mean values for 11 calves+ standard errors. 
RESULTS 


The mean blood plasma levels of the various lipids at 0, 2 and 4 days of age 
are presented in table 1. A comparison of the plasma lipids from the 2-day-old 
calves with those of the same animals at birth revealed marked rises in the levels 
of total lipids, ester fatty acids, ester cholesterol, phospholipids and Allen fat; 
a lesser increase in neutral fats; and no appreciable changes in free fatty acids 
and free cholesterol. The values for the samples drawn at 4 days of age were, 
in most cases, not appreciably different from those of the 2-day samples. 

Since it became apparent during the early phase of this experiment that the 
consumption of colostrum resulted in rapid increases in certain of the plasma 
lipids, more frequent blood sampling and analyses to determine the daily changes 
seemed desirable. Thus, blood samples were drawn at daily intervals from the 


132 +12 151+13 
75+ 9 82+ 9 
38+ 6 37+ 7 
32+ 2 38+ 6 
Ta 1° 10+ 1 
29+ 5 31+ 5 
8+ 2 10+ 2 
96+11 111+11 
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last five calves employed in the experiment. The data for these calves, three 
Holsteins and two Brown Swiss, are presented in figures 1 and 2. The Allen fat 
levels and the values for the various lipid fractions, except the free fatty acids, 
attained maxima when the calves were 3 days of age. In general, the values on 
the fourth day tended to decline somewhat, probably due at least in part to the 
dietary change at this time. A comparison of the Allen fat values with the total 
lipids exclusive of the free fatty acids and phospholipids is presented in table 2. 
Except for the values for the calves at birth, the Allen fat levels and the adjusted 
lipid values were similar, and when the data for the various ages were povled, 
the correlation between the two was 0.955. This high correlation is in agreement 
with the results of others (9, 13). 

TABLE 2 


Comparison of the Allen lipid values with the adjusted lipid values (total lipids minus the swm 
of the phospholipids and free fatty acids) 


Age of calves Allen lipids Adjusted lipids 
(d.) (mg./100 ml. plasma) 
0 (birth) 20+ 5 37+ 7 
1 65 +15 65 +10 
2 95+ 6 95+ 5 
3 132 + 16 120+ 9 
4 121+11 113 +13 


® Mean values for 5 calves + standard errors. 


DISCUSSION 


Values for the plasma lipid fractions which have been reported in the litera- 
ture indicate marked variations within species. Although it is probable that a 
number of factors have contributed to this variability, the great variety of ana- 
lytical methods employed undoubtedly is of major importance. Since the oxida- 
tive micro-technique is readily adapted to the estimation of the various plasma 
lipid fractions and has been employed successfully in studies of these components 
in various spezies (5, 6, 15, 16, 20, 21), this procedure was selected for the present 
investigation. 

The levels of the free fatty acids observed in young calves (table 1 and fig. 2) 
were comparatively low and apparently were not correlated closely with those 
of the other lipids. These values were similar, however, to those found in the 
mature bovine (8, 12, 21). Bloor (3) has indicated that the amount of free . 
fatty acids in blood plasma may vary greatly and apparently is not related to the 
amount of total lipid. The origin and role of these acids, which sometimes are 
referred to as soaps, have not been fully elucidated. It has been suggested, how- 
ever, that the free fatty acids may result from the breakdown of phospholipids 
during the extraction procedure (4,12). In addition, it may be postulated that 
the free fatty acids could originate in part from the partial degradation of phos- 
pholipids due to the action of plasma lecithinases which have been found in the 
blood (19). 


The values for the plasma phospholipids of dairy calves at birth were lower 
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TOTAL LIPIDS 
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ALLEN FAT 
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Fig. 1. Early post-natal changes, at daily intervals, in the mean total lipid, Allen fat, 
neutral fat and ‘‘ester’’ fatty acid values of the blood plasma of 5 dairy calves. 


than those found during the subsequent colostral feeding period, which is in 
agreement with the observations of Green and Macaskill (10). Much of the 
early work on the lipid phosphorus levels in blood plasma involved the use of 
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Fie. 2. Early post-natal changes, at daily intervals, in the mear phospholipid, cholesterol 
and ‘‘free’’ fatty acid values of the blood plasma of 5 dairy calves. 
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colorimetric or nephelometric measurements and the results included all of the 
phosphorus compounds that were soluble in alcohol-ether. In the present in- 
vestigation, however, only those plasma phosphatides that were precipitated by 
acetone and MgCl, are reported as phospholipids. The possibility of the presence 
of other lipid-phosphorous components in calf blood plasma is recognized and 
will receive consideration in future reports. 

In the present investigation both free and ester cholesterol were present in 
the blood plasma of the newborn calf. This is contrary to the observations of 
Shope (14) who found no ester cholesterol in the plasma of the calf at birth. 
Further observations of this investigator, however, indicated significant increases 
in ester cholesterol levels Curing the first few days after birth, a trend which is 
confirmed by the current study (fig. 2). 

The mean percentages of ester cholesterol in the total cholesterol of blood 
plasma from calves at birth and at 1, 2, 3 and 4 days of age were 69, 73, 77, 78 
and 77, respectively, indicating the attainment of a uniform percentage within 
2 days after birth. It has been observed further (11) that no appreciable 
changes occur in calves restricted to milk diets during a subsequent 6-wk. period. 
In the mature bovine, however, somewhat lower values have been observed, 67 
per cent by Boyd (7) and 69 per cent by Lo et al. (13). 

The neutral fats followed trends similar to those of the phospholipids and 
ester cholesterol. Neutral fat values were obtained by calculation which was 
based on the assumption that the ester fatty acids were derived from saponifica- 
tion of cholesterol esters, phospholipids and triglycerides. When this method 
was employed by Boyd (7) in estimating plasma neutral fat for the mature 
bovine, the values were considerably higher than those obtained by other investi- 
gators (8, 12, 21) employing direct estimation by enzymatic hydrolysis. This 
apparent lack of agreement suggests the need for further study of the relative 
accuracies of the two methods. If the enzymatic hydrolysis technique is the 
more accurate, possibly the values for neutral fats reported in the present study 
include lipid components other than triglycerides. 

The low levels of the various plasma lipids of dairy calves at birth suggest 
that transfer of these substances from the maternal blood plasma to the fetus is 
restricted and that fetal lipid synthesis is limited. Neutral fats constituted the 
major portion of the plasma lipids at birth and thus may be the most diffusible of 
the maternal lipids in the bovine. However, the possibility of fetal synthesis of 
neutral fat and other plasma lipids from diffusible lipid precursors cannot be 
ignored. 

Since no analyses of the lipid components of the colostrum and milk fed in 
the present investigation were made and since the period of observation was 
comparatively short, conclusions regarding the qualitative and quantitative re- 
lationships between dietary lipids and blood plasma lipids are not warranted. 
Moreover, the significance of the early post-natal trends in plasma lipids is not 
apparent. The marked changes which were observed, however, emphasize the 
need for further investigation of these relationships over an extended age period. 


LIPIDS IN BLOOD PLASMA 


SUMMARY 


Changes in blood plasma lipids of Holstein and Brown Swiss calves were 
determined during the period from birth to 4 days of age. Increases in the 
values for total lipids, ester fatty acids, neutral fat, ester cholesterol and phos- 
pholipids were observed, whereas, no marked changes were apparent in free 
cholesterol and free fatty acid concentrations. A high correlation was found 
between the Allen fat values and the total lipids minus the sum of the phospho- 
lipids and free fatty acids. 
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STUDIES OF HEATED MILK. IV. OBSERVATIONS ON BROWNING? 


STUART PATTON 
Department of Dairy Husbandry, The Pennsylvania Agricultural Experiment Station, 
State College 


When milk is subjected to prolonged heating, many complex chemical changes 
in the medium take place. One, of particular interest and significance, is that 
relating to color. Change in color occurs in many foodstuffs during heat-proc- 
essing, storage or both. This phenomenon frequently is called ‘‘browning’’ or 
more specifically ‘‘non-enzymatic browning’’ to distinguish it from discolora- 
tions which are promoted by enzymes in raw fruits and vegetables. Among dairy 
products, browning is perhaps of most significance in evaporated milk, although 
sweetened condensed milk and dried milk products also are subject to the defect. 
Evaporated milk receives an appreciable degree of heat treatment during process- 
ing to render it sterile (117° C. for 15 min., on an average). This usually suf- 
fices to impart to the product a light tan color which is intensified during storage. 
Although much valuable information concerning browning of evaporated milk 
has been acquired, study of the probiem has been hampered by lack of a con- 
venient and precise method of measuring color. Measurement of browning in 
dairy products is complicated by the fact that the pigment is strongly associated 
with the proteins. Although one main school of thought, guided by the work of 
Kass and Palmer (8), believes the pigment to be physically adsorbed on the pro- 
tein, it appears that nothing short of chemical degradation of the protein will 
free the pigment from it. In addition to arbitrary visual evaluation with or 
without the use of standards, determination of color in evaporated milk by meas- 
urement of reflectance has been proposed (11). Although the most valid ap- 
proach to color measurement in opaque systems, its usefulness as a research tool 
is limited since it cannot be applied to translucent or transparent systems, a study 
of which is included in this paper. An alkaline extraction procedure for remov- 
ing the brown pigment from dried milk and dried whey followed by photocolori- 
metric measurement of the extract has been employed by Doob et al. (2). Main 
objections to this method are the relatively inefficient extraction of color and 
limitation of its usefulness to dried products. Choi et al. (1) have developed a 
method which depends upon tryptic digestion of the milk protein to liberate 
color. Residual protein is removed by precipitation with trichloroacetic acid and 
color in the filtrate determined photometrically. This method appears equally 
applicable to fluid or dry milks and to systems of varying opacity. .A prelim- 
inary evaluation of the method at this laboratory indicated it to be convenient 
and the results with it-reproducible. Therefore, it was employed in the present 
study. 

Received for publication July 18, 1592. 
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The investigation consisted of two parts. The purpose of the first part was 
to determine to what extent browning occurs in present-day evaporated milk 
and to study the effect of storage at various temperatures on color development. 
In the second part, a study was made of the following factors which may be in- 
volved in the heat-induced browning of milk: Time and temperature, conditions 
of preheating, pH, the role of certain milk components, particularly casein, and 
the significance of certain compounds of importance in other browning systems. 


Part I 
EXPERIMENTAL 


The samples of evaporated milk were obtained from commercial production 
in January and February, 1951. The freshly prepared products were furnished, 
together with information on their heat treatment, by 11 manufacturers. In 
order to defer any further development in color until after initial color deter- 
minations could be made, the samples were placed in refrigerated storage (4° C.) 
immediately on receipt. 

All samples were packed in 14.5-0z. cans, with the exception of those from one 
manufacturer which were vacuum packed in a heavier 14-oz. lacquered can. 
Although there was considerable variation in forewarming treatment, all manu- 
facturers used retort sterilization. 

All color determinations were made according to the procedure of Choi e¢ al. 
(1). A Klett-Summerson photoelectric colorimeter with no. 52 filter was used 
to measure optical density. By this method unheated milk samples gave uni- 
form optical densities of 0.015 + 0.005. Since these values were small and rea- 
sonably constant, all subsequent readings were made against distilled water as a 
matter of convenience. The evaporated milk samples were diluted with an 
equal volume of water before color analysis. Since the work of Choi et al. dealt 
mainly with dry milks, the optimum amount of trypsin (Nutritional Biochem- 
icals Corp., 1-300 grade) to obtain maximum color liberation from the protein 
of an aged sample of evaporated milk was determined. Data essentially identical 
to those reported previously for dry milk (1) were obtained. Although nearly 
maximum color liberation was evident at a concentration of 150 mg. of trypsin 
per 25-ml. sample of milk, 2 ml. of a 10 per cent suspension of the enzyme were 
employed, rather than 1.5 ml. recommended by Choi et al., to provide a margin 
of safety. 

Although a complete critical evaluation of the tryptic digestion procedure 
was not a major purpose of the investigation, a number of significant observa- 
tions were made in connection with it. The trypsin employed should be reason- 
ably fresh. Satisfactory results were obtained with preparations stored for as 
long as 1 mo. at 4° C. However, a sample which had been held in the refrigera- 
tor for 6 mo. gave low values. The greatest problem with the method concerns 
oeeasional turbidity in the color filtrate. In nearly all instances this condition 
could be rectified by pouring approximately the first 5 ml. of filtrate back through 
the filter. The time interval between filtration and reading of color should be 
uniform, as there is a small but constant increase in optical density of the filtrate 
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on standing. Considerable data bearing on this matter were taken. The follow- 
ing are representative: A sample of evaporated milk in duplicate was digested 
with trypsin and residual protein removed by precipitation with trichloroacetic 
acid and filtration. Optical densities of the filtrate were determined immediately 
and after 8 and 16 min. standing. Values of 0.075, 0.079 and 0.083, respec- 
tively, were obtained. The results were identical for the duplicates. In order 
to minimize this time error throughout the study, color was measured as soon as 
5 ml. of filtrate had accumulated. Such a procedure also was helpful in redue- 
ing the differences in speed of filtration between the evaporated milk samples. 
As pointed out by Choi et al. (1), it is difficult to ascertain how quantitative the 
method is, since there is no absolute basis of comparison. The appearance and 
quantity of residue left on the filter paper after tryptic digestion and acid pre- 
cipitation of evaporated milk indicates that most of the color passes into the fil- 
trate. The filter residue is largely fat, as evidenced by its melting to an oily 
mass on a steam bath. In an attempt to determine whether trypsin might affect 


TABLE 1 


Effect of trypsin and-trichloroacetic acid in the tryptic digestion procedure on optical densities 
of heated lactose-lysine systems» 


Optical density 


pH of systeme Trypsin and Acid Trypsin and 


acid omitted added acid added 


6.18 0.011 0.010 0.009 
6.96 0.019 0.020 0 020 
7.67 0.048 0.056 0.054 
8.46 0.231 0.266 0.270 
9.50 0.600 0.820 0.830 


120° ©. for 20 min. 

b Aqueous solutions containing 5.0% lactose and 0.3% lysine-HCl. 

¢ Values before autoclaving, by adjustment with 10% NaOH. 
pigments of the type present in evaporated milk, lactose-lysine systems having 
various pH values were browned in an autoclave and their colors evaluated with 
and without tryptic digestion. The results (table 1) indicated that trypsin has 
no effect on the pigments in these systems but trichloroacetic acid has a tendency 
to intensify the color slightly. However, color values obtained by the tryptic 
digestion procedure in this investigation always were consistent with the degree 
of color apparent to the eye. 

Samples from all manufacturers were stored at room temperature (20 to 
25° C.) and their color values determined at approximately monthly intervals 
for 1 yr. Samples from two manufacturers, one set vacuum- and one set air- 
packed, also were stored at 4 and 40° C. in order to study the effect of storage 
temperature on color development. Since the work of Tarassuk (20) has sug- 
gested that vacuum packing will improve the color of evaporated milk, the 
vacuum-packed product was included in the high- and low-temperature storage 
study. 
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Fig. 1. The average color development in 11 commercial evaporated milks stored for 1 yr. 
at room temperature. 


RESULTS AND DISCUSSION 


The sterilizing treatment for the 11 commercial products ranged between 241 
and 247° F. and 12- to 16-min. holding time. The average treatment was 
243.2° F. for 14.3 min. There appeared to be little if any correlation between 
sterilization treatment and color. However, this might be expected in view of 
variations in milk supply, forewarming, cooling, use of stabilizing salts, etc. 
The trend in color development during storage of evaporated milk is shown in 
figure 1. The data are an average for the 11 products. Each of the products 
showed the same general trend although at different levels of color. The curve 
indicates rather rapid color development during the first 3 mo. of storage, after 
which the inerease is quite gradual. 

Data concerning the effect of various storage temperatures on color develop- 
ment in one air-packed and one vacuum-packed product are presented in figure 2. 
Greater color development occurs at higher storage temperatures. In fact, 
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Fig. 2. The effect of storage temperature on color development during storage of an air- 
packed ( ) and vacuum-packed ( )evaporated milk. 
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storage at 4° C. proved quite effective in preventing color formation during 
storage. The leveling-off process takes place at about the same time irrespective 
of the storage temperature. The vacuum-packed sample demonstrated greater 
color development at all temperatures than did the air-packed sample. This 
was true despite very similar initial color values for the two. Moreover, the 
vacuum-packed product developed more color on storage at room temperature 
than any other product included in the study. Tarassuk has found that the 
color of evaporated milk may be improved by reducing the oxygen available in 
the can before sterilizing (6). These limited data are not necessarily at variance 
with Tarassuk’s findings, since his observations appear to have been confined to 
color evaluation immediately after sterilization and involved nitrogen rather 
than vacuum packing. However, they do suggest that vacuum packing of evap- 
orated milk in a laquered can may be impractical from the standpoint of color 
development during storage. 

In general, the results reported are in agreement with those of others (18, 
22) on the effect of storage time and temperature on the color of evaporated milk. 
In addition, the data show that evaporated milk, as currently produced by a num- 
ber of large concerns in this country, exhibits a discoloration defect at the time 
of manufacture and that this defect increases in intensity during storage. 


Part II 
EXPERIMENTAL 
The following materials with sources as indicated were utilized in this part of 


the investigation: mixed-herd raw skimmilk, separated at 4° C. (College Cream- 
ery) ; caleium caseinate (Sheffield Farms Co., Inc.) ; B-lactose (Avoset Corp.) ; 
acetaldehyde (Distillation Products Corp.) ; methyl glyoxal (Union Carbide and 
Carbon Corp.) ; hydroxymethylfurfural, by synthesis (14) ; glycine, casein hy- 
drolysates and trypsin 1-300 (all Nutritional Biochemicals. Corp.). 

The milk and simplified systems were heated in sealed 14.5-0z. evaporated 
milk cans. A standard saniple volume of 390 ml. per can was used throughout 
the study. Heat treatment was carried out in an American Sterilizer Co. auto- 
clave. Except in experiments where heat treatment was varied, uniform heating 
at 120° C. for 20 min. was employed. In all instances color was determined by 
the method of Choi et al. (1). Unless otherwise indicated, the colorimeter was 
zeroed with distilled water. pH determinations were made with a Beckman 
model M glass-electrode pH meter and adjustments in pH were accomplished 
with 10 per cent NaOH or HCl. The experiments reported have been conducted 
at least twice and in several instances many times; the results given are repre- 
sentative. 

It is an acknowledged fact that the longer milk is heated, the browner it be- 
comes (12, 20, 23). The effect of various time-temperature treatments on the 
color of autoclaved skimmilk was investigated. The results, which were very 
similar to those of Webb and Holm (23), showed that temperatures between 
100 and 120° C. are quite critical -with respect to color development. No notice- 
able change in color is evident in milk heated at 100° C. for 60 min. ; however; 
above this temperature discoloration was progressively evident. 
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The fact that no significant amount of color was noted in the 100° C. series 
suggested that uncolored intermediates of browning may have been formed in 
some of these samples. To investigate this point, two sets of samples were auto- 
elaved at 100° C.; pairs of samples were removed periodically throughout a 
60-min. heating time. Color determinations were made on one of each pair and 
the other members of the pairs were autoclaved a second time at 120° C. for 
20 min. Color values of the second group of samples were determined and com- 
pared with those of samples receiving one heat treatment. The results (table 2) 
indicate that small amounts of color precursors are formed, the color effect being 
most pronounced for the longer preheating times. 

One factor which may be of major importance in the heat-induced browning 
of milk is pH (23). In order to study this variable, as well as the behavior of 
certain skimmilk fractions in browning, raw skimmilk, raw rennet whey and 
raw rennet whey from which the heat-coagulable proteins had been removed by 
heating to 80° C. at pH 5.5 were adjusted to various pH values, sealed in cans 


TABLE 2 


The effect of preheating at 100° C. for various time intervals on the amounts of color developed 
in the same samples of skimmilk when autoclaved at 120° C. for 20 min. 


Preheating Optical density 


After preheating After autoclaving 


0.016 0.105 
0.016 0.107 
0.016 0.105 
0.017 0.125 
0.016 0.138 
0.020 0.144 


and autoclaved. Color data for these samples are presented in figure 3. In 
this experiment only, pressure in the autoclave was not released immediately 
and rapidly through the safety valve at the end of the 20-min. holding period. 
Rather, the exhaust vent normally employed for open vessels was used, which re- 
quired 20 min. for the autoclave to attain atmospheric pressure. As a conse- 
quence, the color values obtained in this experiment are not comparable with 
those from others reported herein. Nonetheless, these data amply demonstrate 
the importance of pH in the browning of milk by autoclaving. Normal milk- 
having a pH of 6.6 to 6.7 falls at a critical point on the color curve. Relatively 
minor variations in pH toward greater alkalinity increased color significantly, 
while corresponding changes toward more acid values gave appreciable reduction 
in color. Figure 3 also reveals the importance of milk proteins, particularly 
casein, in the discoloration. Removal of casein by rennet coagulation greatly 
reduced the tendency of the medium to discolor. This reduction was augmented 
further by removal of the heat-coagulable proteins. Figure 4 demonstrates that 
the extent of discoloration in heated lactose-casein systems increases with increas- 
ing lactose content; in the absence of lactose, casein is resistant to heat-induced 
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Fie. 3. The amounts of color developed by various milk fractions at different pH values 
as a result of autoclaving (120° C. for 20 min.). 


browning. In this experiment various quantities of lactose were added to a 3 
per cent calcium caseinate sol and the samples canned, autoclaved and cooled as 
previously described. After autoclaving at 124° C. for 20 min., 5 per cent lae- 
tose solutions without added casein exhibited no measurable color. 

Several organic compounds appear to be involved directly or indirectly in 
the browning of certain media. Among these are hydroxymethylfurfural (7, 19), 
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Fie. 4. The amounts of color developed by casein as a result of autoclaving (124° C. for 
20 min.) in the presence of various quantities of lactose. 
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methyl glyoxal (3) and acetaldehyde (10). Since these compounds probably 
are formed in milk as a result of prolonged heating (9, 14), their possible con- 
tribution to browning of milk was investigated. These substances were added to 
skimmilk in concentrations of 0, 50, 100, 250 and 500 ppm. The samples were 
autoclaved, cooled in running tap water and observed for discoloration. Visual 
evaluation revealed no perceptible difference between the samples with com- 
pounds added and their corresponding controls. Under the conditions employed, 
these compounds do not appear to be of direct importance in the heat-induced 
browning of skimmilk. 

In a similar manner, glycine was evaluated with regard to its capacity for 
augmenting browning. It was presumed that the amount of free amino acids 
in milk might be a critical factor in this connection. However, concentration 
of glycine ranging up to 1 g. per liter had no observable effect on discoloration. 
This unanticipated result suggested that the variable of protein hydrolysis should 
be studied further. Twelve g. of trypsin were added to 2 1. of skimmilk at 45° C. 
The milk was held at this temperature for 1 hr. to accomplish more or less com- 
plete digestion of its pre «ins. These conditions have been shown to be optimum 
for formation of non-protein nitrogen (1, and Part I this paper). The digested 
milk was divided into five 390-ml. samples, which were adjusted to various pH 
values and then sealed in cans. The maximum quantity of acid or base employed 
for pH adjustment was 5 ml. No correction for this small variation in sample 
volume was made. A similar group of samples was prepared from another 2 1. 
of the same skimmilk which had been handled identically to the first 2 1., except 
that no trypsin was added. The pH values of the undigested skimmilk before 
and after incubation were 6.67 and 6.53; of the digested skimmilk 6.58 and 6.15. 
The samples were autoclaved, cooled and their optical densities determined. 
This involved a second treatment with trypsin for the digested milk samples. 
Unheated control samples were used to zero the colorimeter. The use of these 
materials for standards seemed justified since no significant difference in color 
could be observed between autoclaved skimmilk, with and without inactivated 
enzyme added. Results from this experiment (figure 5) show that the tryptic- 
digested milk did not develop as much color over the pH range investigated as 
did the undigested milk. In an attempt to define the origin of the phenomenon, 
lactose-casein systems were studied in a similar manner. A calcium caseinate 
sol (3.2/1. containing 3 per cent of the protein) was prepared and divided in 
half. One-half was digested with trypsin and the other retained as a control. 
Five per cent by weight of lactose then was added to each half. Samples of 
varying pH were prepared, processed and observed for color as in the preceding 
experiment. The experimental results (figure 6) show that the difference in 
capacity to brown between tryptic digested and undigested milk mainly concerns 
the interaction of lactose and casein. This difference does not appear to be 
characteristic of only enzymatically hydrolyzed casein. Lactose-acid hydrolyzed 
easein systems gave data very similar to the lactose-enzyme hydrolyzed casein 
system. 
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Fie. 5. The amounts of color developed by autoclaving (120° C. for 20 min.) skimmilk 
(x X) and enzymatically digested skimmilk (@ @) at various pH. 


DISCUSSION 


Evidence from this study has confirmed the importance of heat treatment, 
milk proteins, lactose and pH as variables in the heat-induced browning of skim- 
milk. Figure 3 shows that pH is important over a wide range of values. Some 
of the variation in the tendency of milks to brown on heating may arise from 
differences in pH. On the basis of these data, it also is logical to assume that 
the amount of alkaline stabilizing salt employed in the manufacture of evap- 
orated milk may influence the amount of color in the product. 
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aqueous lactose-casein systems at various pH. Lactose + casein (MH Ml), lactose + enzy- 
matically hydrolyzed casein (@ @) and lactose + acid hydrolyzed casein (X: X). 
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The color values obtained with deproteinated whey (figure 3) suggest that 
inorganic phosphates are not of direct significance in the browning of autoclaved 
milk. This material, which should contain most of the inorganic phosphates of 
milk, produced very little color over the pH range 5.5 to 7.7. The slight amount 
of color obtained under these conditions may have resulted from the action of 
non-protein nitrogenous substances, rather than that of the phosphates. These 
results are somewhat at variance with those of others (21). The fact that small 
quantities of hydroxymethylfurfural, methyl glyoxal or acetaldehyde had no 
apparent effects on heat-induced browning of skimmilk lends support to the con- 
tention that browning is a general term which should be defined for the medium 
and the conditions of reaction. Although these compounds seem implicated in 
other browning systems, results here indicate that none of them are involved 
directly in the browning of heated milk. 

Much of the fundamental research on browning has been conducted with sim- 
plified aqueous systems containing an amino acid, frequently glycine and a earbo- 
hydrate, usually glucose. Addition of glycine to milk in amounts up to 1.0 g. 


TABLE 3 


The amounts of 10% NaOH requ’red to attain certain pH values in skimmilk before and after 
tryptic hydrolysisa 


Skimmilk Hydrolyzed skimmilk 


(pH) (ml. of base) (pH) (ml. of base) 


6.45 6.10 
7.05 F 6.62 
7.63 7.12 
8.27 7.60 

8.15 


a Incubated at 45° C. for 1 hr. in the presence of 0.6% of trypsin. 


per liter had no effect on color, and casein hydrolysates invariably were observed 
to be less effective in promoting browning than was the intact protein. A pos- 
sible explanation of this phenomenon follows: Intact casein will produce more 
discoloration when heated with lactose than either acid or enzymatically hydro- 
lyzed casein, as shown in figures 5 and 6. This suggests that casein has certain 
characteristics which are not directly attributable to its component amino acids. 
Among the unique characteristics of casein, its colloidal properties may account 
best for this difference. Evidence from this and a preceding paper (15) sug- 
gests that although casein may be present in a buffer at pH 6.6, such as it is in 
milk, entirely different conditions of pH may prevail at points on the surface of 
the protein particle. More specifically, in the vicinity of free amino groups 
distinctly alkaline conditions appear to exist. This difference in behavior be- 
tween casein and amino acids seems to result from differences in particle size. 
The fact that casein exists in milk in the form of large dispersed particles ap- 
pears to make it a relatively unresponsive buffer by which behavior the properties 
of its basic and acidie groups are preserved. On the other hand, amino acids 
are comparatively small molecules which dissolve readily and exhibit consider- 
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able buffer activity. Thus, the reactivity of their acidic and basic groups seems 
to be lowered. Data in table 3 reflect this difference in buffer activity as it occurs 
in skimmilk before and after tryptic digestion. The strong buffer activity of the 
digested milk is favorable to discoloration in that it counteracts a shift to more 
acid pH values during autoclaving; it is unfavorable in that it abolishes the dis- 
tinetly basic character of certain functional groups in the protein. Therefore, 
the results presented in figures 5 and 6 are a net effect which probably would 
show even greater difference if buffer capacity were made constant. In further 
support of this contention, it has been observed that certain of the chemical re- 
actions which occur when milk is heated are of a type which normally proceed 
under alkaline conditions. The more important compounds known to result 
when milk is heated are formic, acetic and lactic acids, acetol, maltol and furfuryl 
alcohol (5, 6, 9,18, 16). These compounds also result from alkaline degradation 
of lactose or its components glucose and galactose (4, 18, 15). In general, 
sugars are more stable under acid conditions and, although the matter has been 


TABLE 4 


The amounts of certain compounds recovered from various simplified heated systems and from 
heateda skimmilk 


Systems» Before After Furfuryl Maltol 
studied heating heating aleohol festesal 


(pH) (9-) (9-) (9-) 
Lactose + Glycine (30 g.) ............ 7.0 4.1 None 0.38 Trace 
Laetose + Lysine (6 g.) 8.9 4.2 0.25 0.24 0.11 
Lactose + NaHCO, (20g.) .......... 8.3 4.8 0.87 Trace None 
2.5 2.4 None 0.20 None 
Condensed skimmilk ........................ 6.4 5.0 0.47 Trace 0.15 
Condensed skimmilk + HC) ............ Trace 0.60 Trace 


a@127° C. for 2.5 hr. 
» 1-kg. quantities of 15% lactose solutions with the indicated materials added. 2-kg. quan- 
ties of skimmilk (30% total solids). 


studied only partially, the indicated compounds do not appear to be formed 
readily from lactose under acid conditions. In heated milk, lactose has been 
shown to be the origin of all the mentioned compounds, and the presence of casein 
favorable or essential to their formation. Data in table 4* illustrate the differ- 
ences in compound formation between lactose-amino acid systems and the lactose- 
casein system of milk. Bearing in mind that the amino group apparently is 
essential to maltol formation, it can be seen that the lactose-NaHCO; and lactose- 
lysine systems at pH values of 8.3 and 8.9, respectively, gave the same compounds 
on heating as the condensed skimmilk at pH 6.4. However, the glycine system 
at pH 7.0 gave results similar to the condensed skimmilk with pH of 4.8. 

Thus, it seems clear that reactions involving lactose degradation which nor- 
mally oceur under alkaline conditions take place in milk at a measurable pH of 
6.4 to 6.8 when the milk is heated. The particular chemical compounds formed, 
ineluding those concerned with color, seem to be influenced by this phenomenon. 


2 A portion of these data and the methods relating thereto have been published (12). 
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SUMMARY 


A method of rendering the brown pigment of evaporated milk soluble in milk 
serum by tryptic digestion of the proteins proved a satisfactory preliminary step 
to photoelectric measurement of color. Using this principle, the optical densi- 
ties of 11 commercially produced evaporated milks were evaluated when fresh 
and at monthly intervals during storage for 1 yr. at room temperature. Dis- 
coloration was evident in all fresh samples. Color increased rather rapidly 
during the first 3 mo. of storage, after which time further color development was 
quite gradual. More color develops in samples held at higher storage tempera- 
ture and storage at 4° C. will substantially inhibit color development. One 
vacuum-packed sample discolored more readily at all storage temperatures than 
did an air-packed sample of corresponding initial color. The investigation has 
demonstrated that ‘‘browning”’ is still a significant problem in the evaporated 
milk industry. 

A number of factors involved in the heat-induced browning of skimmilk also 
were studied. These included time and temperature of heating, preheating, pH, 
the roles of certain milk components, particularly casein and the significance of 
certain compounds of importance in other browning systems. Casein and lac- 
tose were observed to be the principal reactants in production of the color. The 
temperature range 100 to 120° C. appeared critical in the browning of skimmilk. 
Heating for a period of 1 hr. at 100° C. produced no appreciable discoloration, 
whereas browning was readily evident in samples heated for 7.5 min. at 120° C. 
The tendency to discolor as a result of autoclaving was observed in decreasing 
order in skimmilk, rennet whey and ‘‘protein-free’’ rennet whey. The com- 
parative resistance of the latter material to browning suggests that inorganic 
phosphates are not of direct importance in the heat-induced browning of milk. 
The region of pH 6.0 to 7.6 was found to be of critical importance in the brown- 
ing of milk. A change of as little as 0.1 of a pH unit in this range produced a 
noticeable difference in color. Studies of the effect of preheating skimmilk on 
its tendency to brown on reheating suggests that browning ir the case of milk is 
stepwise, at least in part. Although preheated skimmilks showed no difference 
in color, small differences proportional to the extent of preheating were observed 
following a second heat treatment. The additions of hydroxymethylfurfural, 
methyl glyoxal or acetaldehyde in quantities up to 0.5 g. per liter and glycine 
up to 1 g. per liter had no significant effect on heat-induced browning of skim- 
milk. Further study of the contribution of amino acids to browning in milk 
systems, established that milk subjected to tryptic digestion browns less readily 
than undigested milk and that either enzymatically or acid-digested casein browns 
less readily in the presence of lactose than does intact casein. In discussion of 
the phenomenon, it is suggested that intact casein may act in the manner of a 
stronger base than casein hydrolysates. Supporting evidence for this hypothesis 
is drawn from earlier work in which compounds isolated from heated milk to 
date also have been reported as products of the alkaline degradation of sugars. 
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THE BACTERIOLOGY OF SWEET-CURD BRICK CHEESE” ? 


R. A. ZORN,3 F. F. BUTZI, JR.4 AND FE. M. FOSTER 
Department of Bacteriology, University of Wisconsin, Madison 


The term ‘‘sweet-curd’’ describes a brick cheese which never becomes more 
acid than pH 5.1 and which has a moisture content of 44 per cent or slightly less. 
Control of pH and moisture is accomplished by washing the curd with water be- 
fore dipping, thus removing much of the lactose. Conventional brick cheese 
made without water treatment often becomes too acid for proper curing when 
the moisture content approaches 44 per cent, the legal limit. The pH may drop 
to 4.8 or 4.9 and rise little, if at all, during ripening. 

Foster et al. (6) described a curd-washing procedure with which they were 
able to control the acidity and moisture content of brick cheese within desired 
limits and produce cheese with good commercial characteristics. Buyens (3) 
also has used this method successfully and, in addition, has modified it to make 
it more acceptable in factory practice. The modifications involve largely a pre- 
liminary removal of most of the whey followed by application of a single volume 
of water, thus reducing the amount of whey to be separated and saving consid- 
erable labor. Buyens calls his procedure the ‘‘sweet-curd method.’’ He states 
that at 6 to 8 wk. the sweet-curd cheese has a flavor resembling that of a com- 
bination of sweet Cheddar and mild, clean Limburger. It has an elastic body, it 
slices smoothly and its texture tends to be moderately close. At 6 wk. the mois- 
ture content of Buyens’ cheese averaged between 43 and 44 per cent, the pH was 
5.3 to 5.4 and the salt content was between 2.0 and 2.5 per cent. 

Garey et al. (6, 8) studied the microbial flora of the interior of brick cheese 
made under various experimental conditions. They used pure cultures of Strep- 
tococcus lactis and S. thermophilus, individually and mixed, as starters for cheese 
made from raw and pasteurized milk by washed- and nonwashed-curd methods. 
They also studied the predominant organisms at different stages of manufacture 
and ripening (7). SS. lactis was predominant throughout ripening of all cheese 
in which it was used as part or all of the starter. This organism was present in 
numbers of a few hundred million or more per gram, even after 6 wk. S. bovis, 
S. faecalis, 8S. liquefaciens, Lactobacillus casei, L. brevis and L. lactis were found 
in varying numbers in certain lots of cheese. From the results, however, it is 
impossible to draw any definite correlation between quality of the cheese and the 
presence or absence of any of these species. 

The cheese studied by Garey et al. was made from milk of excellent bacterio» 
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logical quality from a single herd. The work reported here was begun with the 
aim of determining the internal flora of brick cheese made from pasteurized 
mixed herd milk with a regular commercial starter by Buyens’ sweet-curd method. 
It was known that good quality cheese could be made in this way and it was hoped 
that a study of the microbial flora might give some idea of the kinds of organisms 
that should be present and thus perhaps make it possible to insure their presence 
in any factory product. In addition, cheese made by conventional methods in 
commercial factories was selected for comparison. 


EXPERIMENTAL METHODS 


Unless otherwise indicated, the experimental cheese was made in the Univer- 
sity of Wisconsin dairy from the regular mixed milk supply. The milk was pas- 
teurized at 163° F. for 17 see. and a regular S. lactis-type starter from a com- 
mercial source was used. This starter was employed regularly in the dairy for 
making other kinds of cheese. For convenience it is referred to hereafter as the 
U.W. starter. The sweet-curd cheese was made and cured by the method of 
Buyens (3). Precautions were taken at all stages of manufacture to avoid con- 
taminating the milk and curd with extraneous organisms. Metal utensils were 
used and all objects to which the milk was exposed (including the cheesemaker’s 
hands) were treated prior to exposure by immersion for 15 sec. to several minutes 
in a solution containing at least 100 ppm. of chlorine. 

Most of the commercial cheese involved in the study was obtained from a 
single factory that reputedly produced a good quality product. The cheese was 
obtained soon after making and was cured in the University dairy. In addition, 
occasional samples of cheese from other factories were obtained from commercial 
sources. 

The bacteriological and chemical methods of analysis described by Garey 
et al. (6, 7, 8) were used where applicable. Dilutions of the cheese were pre- 
pared in 0.9 per cent NaCl solution. Colony counts were made in carrot-liver 
(C-L) agar (8) shake tubes or plates incubated at 30° C. for 2 days. Foster 
et al. (6, 7) isolated organisms from the higher dilutions in this medium to ob- 
tain information on the predominant bacteria within the cheese. Obviously an 
organism could be present in reasonably high numbers and still not be detected 
by this procedure. Therefore, in this study selective media were used in an 
attempt to obtain information on groups of organisms that were not numerically 
predominant. Estimates of numbers of enterococci were made in the penicillin- 
azide agar of White and Sherman (13) and in the azide medium of Hajna and 
Perry (9) solidified with agar. Counts of non-lactic organisms were made in 
tryptone agar as described by Alford and Frazier (1). Coliform bacteria were 
detected by plating dilutions of cheese in violet red bile agar (2). 


RESULTS 


Total counts. Table 1 shows the C-L agar colony counts obtained from six 
representative lots of cheese made on different days. With one exception, all 
chees*s showed an increase in count to a maximum at 1 to 3 days, then a sharp 
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decrease at some time between 3 and 13 days. The maximum counts per gram 
usually were between 75x 10° and 150x10°. These dropped to a level of be- 
tween a few hundred thousand and a few million per gram and then remained 
reasonably constant during further curing. Many other samples of cheese made 
by this method and sampled at 2 to 4 wk. invariably gave counts in the range of 
a few hundred thousand to 1 or 2 million per gram. 

S. lactis-type organisms, presumably from the starter, were predominant at 
the time of the maximum count. Soon after the counts dropped, the isolates 
were micrococci or enterococci, but older samples yielded enterococci only. These 
had the characteristics of S. faecalis. 

Lactose disappeared from most lots of cheese within 4 to 6 hr. after dipping. 
In all lots the pH dropped to 5.1 or 5.2 at about 2 to 3 days, then began to rise 
again until it finally reached a value of 5.25 to 5.3 at 4 wk. 

The most unusual feature of the results in table 1 is the extremely low counts. 
Even the maxima are only about 1/10th to 1/20th as high as the counts obtained 


TABLE 1 


Carrot-liver agar colony counts from sweet-curd brick cheese made from pasteurized milk with 
the U. W. starter 


Colony counts/g. x 10° 


by earlier workers (5, 6) from washed-curd cheese made with S. lactis in the 
starter. Since the methods of analysis used in the study reported here were 
identical with those employed before (5, 6, 7, 8) and since the rate of acid devel- 
opment in the cheese was normal, it was assumed that for some reason the ma- 
jority of the organisms in the sweet-curd cheese failed to grow in the carrot-liver 
agar. 

Table 2 shows C-L agar colony counts from three lots of brick cheese obtained 
from a near-by factory. The cheese had been made from pasteurized milk by a 
conventional (no wash) method. These counts are in the expected range and 
agree well with the results of the workers cited previously. Comparable coun‘s 
have been obtained with ripened cheese from several other factories. 

Reasons for the marked differences in the bacterial populations of the cheeses 
represented by tables 1 and 2 are not immediately apparent because the cheeses 
were made in different factories from different milk supplies with different 
starter cultures and by different methods. To control part of these variables, 
cheese was made from pasteurized milk in the University dairy with both the 
U.W. starter and the starter from the factory that supplied the cheese ‘n table 2. 


cheese Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 Lot 6 
6 hr. 12 2.2 60 0.5 34 9 
14. 15 29 110 10 150 120 
Q «4 62 whe 100 42 65 110 
} ee 21 12 66 75 76 43 
6 “4 21 11 13 0.6 14 27 
13 « 55 42 2 14 0.3 0.7 
20 2.1 1.9 0.4 0.03 0.2 
** 1.8 0.8 0.05 0.4 
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TABLE 2 
Carrot-liver agar colony counts from 3 lots of commercial brick cheesea 


Colony counts/g. x 10° 


Age of 
ch 


May 8, 1949» May 10, 1949» Nov. 12, 19500 


1,100 
2,000 2,800 
800 1,400 
1,300 1.100 1,900 
1,500 1,100 
1,000 1,300 
1,100 1,200 200 
900 1,100 
336 500 
340 430 
380 200 
250 220 


«Cheese made from pasteurized milk by a conventional (no-wash) method in a single com- 
mercial factory. 
> Date of manufacture. 


Each culture was used to make cheese by the sweet-curd method and by a con- 
ventional (no-wash) procedure. As a check on the method of counting the bac- 
teria, direct microscopic clump counts were made on the cheese suspensions used 
for the C-L agar colony counts. In addition, estimates of numbers of viable or- 
ganisms were made by preparing serial dilutions of the cheese in litmus milk, 
five tubes per dilution. From the results it was possible to estimate the ‘‘most 
probable numbers (M.P.N.) of organisms per gram by reference to the table in 
Standard Methods for the Examination of Dairy Products (2). 

With each starter culture the bacteria counts were essentially the same in the 
cheese made by the sweet-curd method and in that made by the conventional pro- 
cedure. Therefore, the differences shown by tables 1 and 2 cannot be explained 
on the basis of different making procedures. Results for the sweet-curd cheese 
are shown in table 3. Both starter organisms grew well in the fresh curd and 


TABLE 3 


Bacteria counts from sweet-curd brick cheese made from pasteurized milk with two different 
starter cultures 


Counts/g. x 10* 


U. W. starter Factory starter@ 


C-L4 DMCC» MPN¢e 


1,100 220 
790 1,700 
1,600 490 
1,800 1,700 
9 5 


«Starter from the factory that supplied the cheese in table 2. 

Direct microscopic clump count. 

¢ Most probable numbers. 

4 Colony counts in carrot-liver agar plates incubated at 30° C. for 2 d. 
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4 
(d.) 
l 
2 
3 
6 
8 
10 
15 
22 
30 
35 
44 
4hr. 870 70 
2d. 730 750 
1,300 500 
1,300 700 
24 830 2 
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reached the expected numbers of about 1 x 10° per gram, as shown by both the 
direct microscopic counts and the estimates of M.P.N. In the cheese made with 
the factory starter, the C-L agar colony counts were in reasonably good agree- 
ment with the counts made by the other methods, but in the cheese made with the 
U.W. starter the colony counts were much lower. They were, in fact, in the same 
range as the counts in table 1. Thus, there seems to be no doubt that the or- 
ganisms in the U.W starter grew well in the cheese but did not readily form col- 
onies in C-L agar. 

Both starter organisms died off as the cheese aged, so that by 24 days only a 
few million viable bacteria remained per gram. The close agreement between 
the C-L agar counts and the M.P.N. estimates at this time suggest that the colony 
counts on cheese during the latter part of ripening are reliable (see table 1). 
The relatively high direct counts in the ripening cheese are normal because many 
of the organisms retain their ability to take the Gram Stain after they no longer 
are viable (8). 

Several attempts have been made to obtain valid colony counts from young 
sweet-curd cheese made with the U.W. starter. Table 4 shows the results of two 


TABLE 4 
Bacteria counts from sweet-curd brick cheese made from pasteurized milk with the U. W. starter 


Colony counts/g. x 10° 


Age of 


Carrot- Enriched 


liver earrot-liver 
agar agarb 


BBL 
Eugonagar 


@ Direct microseopic clump counts per g. 
> Car rot-liver agar enriched with yeast extract, malt extract, Tween 80 and several other 
common medium ingredients. 


trials with an enriched C-L agar and with BBL Eugonagar. Neither of these 
media was superior to the usual C-L formula. Other incubation times and tem- 
peratures were tried but none yielded counts higher than those obtained in the 
usual 2 days at 30° C. 

Many trials have been made with the starter culture itself without finding 
the cause for the low counts in agar media. Of 45 colony counts made in various 
media from 15 diff»rent individual starter cultures 18 to 24 hr. of age, 33 were 
less than 20 x 10° per milliliter and only four were as high as the corresponding 
direct microscopic clump counts and M.P.N. estimates in litmus milk. The 
direct clump counts of all of the cultures were in the range of 300 to 600 x 10° 
per milliliter. Two of the high colony counts were obtained in plain C-L agar 


Lot of 
1,300 80 160 
1 1,600 50 75 
860 45 30 18 
460 0.35 0.15 0.5 
- 1,400 25 64 
2 1,700 80 90 
880 75 95 45 
7 13 0.5 0.2 
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and the other two were in this medium plus 1 per cent yeast extract. Other 
media tried were (a) BBL Eugonagar, (b) enriched C-L agar (see table 4), 
(c) a medium containing tomato juice, whey, tryptone, trypticase and yeast ex- 
tract, as suggested by Tittsler (12) (d) the APT medium described by Evans 
and Niven (4) and (e) C-L agar plus 1 per cent skimmilk. 

M.P.N. estimates in C-L broth were no higher than the corresponding C-L 
agar colony counts, although dilution cultures in litmus milk made at the same 
time indicated numbers comparable to the direct counts. Distilled water, Madi- 
son City water, Lake Mendota water and skimmilk were tried as diluents along 
with the usual 0.9 per cent NaCl solution. No one consistently yielded counts 
higher than the others. 

Counts of enterococci in selective media. Since Foster et al. (7) demonstrated 
relatively large numbers of enterococci, particularly S. faecalis, in certain lots 
of brick cheese, it seemed desirable to determine whether these organisms also 
were numerous in the sweet-curd product. Two media selective for enterococci 
were tried. One was the ‘‘SF’’ azide medium of Hajna and Perry (9) modified 
by the addition of 1.1 per cent agar. The other was the penicillin-azide medium 
devised by White and Sherman (13) and used successfully by Kosikowsky and 
Dahlberg (11) to follow numbers of S. faecalis in Cheddar cheese made with 
this organism. 

A preliminary experiment showed that stock cultures of S. liquefaciens and 
S. faecalis were markedly inhibited by the azide agar made from Hajna and 
Perry’s formula (9). Even after 7 days, colony counts in this medium were only 
one-fourth to one-sixth as high as corresponding counts in C-L agar. S. lique- 
faciens showed no evidence of inhibition in the penicillin-azide medium but S. 
faecalis was inhibited completely. As expected, S. lactis and L. casei failed to 
grow in either selective medium. All four species grew normally in C-L agar, 
yielding numbers comparable to the direct microscopic clump counts. 

The modified Hajna and Perry medium was tried with several lots of sweet- 
eurd cheese and with two of the commercial lots shown in table 2. The counts 
of enterococci in the azide medium were much lower than they should have been 
as judged by the dilutions that yielded these organisms in C-L agar. For ex- 
ample, in one lot of sweet-curd cheese at 27 days the total count in C-L agar was 
640,000 per gram and all of the cultures isolated from the highest dilution were 
S. faecalis. The corresponding azide agar count was only 800 per gram. Kosi- 
kowsky (10) recently reported similar inhibition of enterococci by the penicillin- 
azide medium. He has been able to obtain reasonably satisfactory results by re- 
ducing the penicillin concentration to 35 to 50 units per liter of agar. 

Kosikowsky and Dahlberg (11) showed that certain lactobacilli could grow 
in the penicillin-azide medium. This has been true also in the work reported 
here with the agar medium made from Hajna and Perry’s formula. Lactic rods 
comprised 20 to 80 per cent of the isolates from the azide medium cultures made 
from the commercial cheese represented by table 2 after the cheese was 3 days 
old or more. 
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Counts of nonlaclic organisms in tryptone agar. The method of Alford and 
Frazier (1) was tried with some of the first lots of sweet-eurd brick cheese to 
determine whether they contained appreciable numbers of nonlactic organisms. 
This method is based on the fact that the starter organisms grow poorly if at all 
in 1 per cent tryptone agar, hence other organisms present in smaller numbers 
can be detected. 

The counts on tryptone agar varied considerably from one lot of cheese to 
another but they showed the same trends throughout the ripening period. At 
3 to 6 hr. the counts were between 20,000 and 50,000 per gram, which is within 
the range reported by Alford and Frazier (1) for Cheddar cheese made from 
pasteurized milk. The numbers increased during the first 1 to 2 wk. to values 
of a few hundred thousand to a million per gram, then levelled off. Significantly 
this levelling off coincided with the marked drop in the C-L agar counts shown 
in table 1, and the numbers in the two media were practically identical during 
the later part of the ripening period. As might be expected from the similarity 
of the counts, the organisms isolated from tke two media at this time were iden- 
tical. Immediately after the marked drop in the C-L agar counts, the isolates 
from both media were either micrococci or enterococci. Later all were entero- 
cocci. 

With some of the cheese samples there was considerable difficulty in making 
reliable colony counts in the tryptone agar because there was no clear-cut dif- 
ference between organisms that grew well and those that did not. Colonies 
varying in size from 3 to 4 mm. down to a fraction of a millimeter in diameter 
were found, with all intermediate gradations. 

Coliform organisms never were found on the tryptone agar plates of cheese 
made from pasteurized milk in the University dairy. In fact, these organisms 
never were detected in 0.01 g. of cheese of this type plated on violet red bile 
agar (2). 

DISCUSSION 

The results of this study show definitely that the bacterial flora of the sweet- 
curd cheese made from pasteurized milk in the University of Wisconsin dairy 
was not the same as that of similar cheese studied previously (5, 6, 7, 8) or that 
of cheese made in commercial factories. This difference was not great during 
the first few days after manufacture, but it beeame pronounced after 1 or 2 wk. 
of ripening. Because of the paucity of organisms within the sweet-curd prod- 
uct after the first few days, it is necessary to conclude that a large population of 
viable bacteria during ripening is not required for the production of a desirable 
cheese within the usual ripening period of 6 to 8 wk. In fact, one is tempted to 
believe that it may be more desirable not to have large numbers of living bacteria 
in brick cheese after the starter organisms die. A large population of miscel- 
laneous bacteria actually may increase the chances of poor quality if the wrong 
ones are present in sufficient numbers. 

The failure of organisms to grow in the cheese after the first few days is be- 
lieved to be simply because none was present that could grow under the condi- 
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tions of curing. As previously stated, the milk was pasteurized at 163° F. for 
17 see. and the counts after pasteurization always were less than 2,000 per milli- 
liter. In addition, the cheesemaker took special precautions to avoid introducing 
extraneous organisms during making. 

The relatively low colony counts in the young cheese made with the U.W. 
starter must have been caused by the inability of most of the organisms in this 
culture to develop visible colonies in the agar media tried. The reasons for this 
still are not known, but it is necessary to accept the fact, in view of counts ob- 
tained by other methods, that these organisms grew well in the cheese. The 
regularity with which the counts dropped, even in C-L agar, seems to prove defi- 
nitely that viable starter organisms did not persist in large numbers in the cheese 
for more than a few days. 

Even though the C-L agar counts from the young cheese probably do not 
represent the true numbers of viable organisms, there is no apparent reason to 
question the validity of the counts made after the starter bacteria had died off 
at 1 to 2 wk. The predominant organisms after this time were types that grew 
well in all of the media tried. The close agreement between the M.P.N. esti- 
mates in litmus milk and the colony counts in agar (table 3) further support the 
validity of the colony counts from the ripening cheese. 


SUMMARY 


The bacterial flora in brick cheese made from pasteurized milk by a ‘‘sweet- 
eurd’’ process has been described. S. lactis-type organisms from the starter grew 
rapidly and reached numbers of 1 to 2 billion per gram. Within 1 or 2 wk., 
however, the counts of viable organisms dropped to a few million or less per 
gram. The predominant organisms in the cheese during ripening were micro- 
eocei and/or enterococci, but, because of their relatively small numbers, it is be- 
lieved that they had little to do with the ripening changes. Thus, it has been 
shown that brick cheese of excellent quality can be made in the usual period of 
6 to 8 wk. without the action of large numbers of viable bacteria within the 
cheese during the ripening period. 

The organisms in the commercial starter culture used in the University of 
Wisconsin dairy did not readily form colonies in carrot-liver agar or in any of 
the other solid media tried, although they grew normally in milk and in cheese. 
The starter organisms from commercial factories, however, consistently gave 
colony counts in carrot-liver agar comparable to the corresponding direct micro- 
scopic clump counts. The reasons for the deficiency of the agar media for the 
U.W. starter organisms are not known. 

Two agar media containing sodium azide and supposedly selective for entero- 
eocei were tried for colony counts of these organisms, but both were inhibitory. 
As formulated, the efficacy of these media for quantitative estimation of entero- 
cocci is questioned. 
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THE EFFECTS OF ADDED CORN MEAL AND DRIED WHEY AND OF 
MOISTURE LEVEL ON THE PRESERVATION OF 
ALFALFA SILAGE” ? 


T. G. MARTINS, G. E. STODDARD AND A. R. PORTER 
Iowa State College, Ames 


The increase in the use of grass and legume silage has been accompanied by 
an increased interest in methods of preservation. Most of the reports indicate 
that moisture level and added preservative are two of the most critical factors 
in the preservation of silage of this type. 

Stone et al. (12) showed that the fermentable sugar content of a grass crop 
is inereased by wilting and concluded that moisture content did not influence 
preservation of grass silage as much as the presence of sufficient fermentable 
carbohydrate. Newlander et al. (9) found that soybean silage ensiled at 31 to 
33 per cent dry matter was well preserved both with and without added molasses, 
while silage with 25 per cent dry matter had low quality when no molasses was 
added and fair quality when molasses was added. Their evaluation of silage 
quality was based on color, odor and palatability. A moisture content of 68 per 
cent or less is necessary for legume silage of the best quality, according to Wood- 
ward and Shepherd (15). Leakage and odor constituted the basis for their 
evaluation of quality. 

Various carbohydrate materials have been used successfully to preserve grass 
silage. Both corn meal and molasses were proven satisfactory by King (3) and 
Stefaniak et al. (11). Allen et al. (1) and Nevens and Kuhlman (8) successfully 
preserved grass silage when dried whey was added. Molasses and ground barley 
each was found to be an excellent silage preservative by King (4, 5). Wilson 
and Webb (14) determined the water-soluble carbohydrate content of many 
common forages at various stages of growth and suggested that a relationship 
exists between moisture content of the plant, water-soluble carbohydrate content 
of the plant and preservation as silage. This experiment was designed to esti- 
mate the relative values of ground shelled corn and dried whey as silage preser- 
vatives when compared with a non-treated control. A comparison of wilted and 
unwilted alfalfa for silage was included in this experiment. 


EXPERIMENTAL 


Twelve miniature silos were used in this experiment. These silos, of concrete 
tile 6 ft. high and 2 ft. in diameter, were set on three slabs of concrete 5 ft. square 
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and 6 in. thick. An additional 4 in. of concrete were added to hold the silos in 
place. A section of 1.25-in. pipe was set in the base of each silo as a drain. 

The experiment was designed to compare two moisture levels (wilted and 
unwilted) with each of three preservative treatments. Alfalfa was cut in the 
one-tenth bloom stage. In both 1949 and 1950, half the alfalfa was chopped and 
ensiled as soon as possible after cutting. The remainder was allowed to wilt for 
approximately 1.5 hr. before being chopped and ensiled. Each of the six com- 
binations was duplicated. Ground shelled corn added at the rate of 200 lb. per 
ton of green material was one treatment. Dried whey added at the rate of 30 lb. 
per ton of green material constituted another treatment. No preservative was 
added to the control group. The rate of application of corn meal was based on 
the work of Stefaniak et al. (11) and is a rate commonly used. Dried whey was 
added at the above rate to coincide with that used by Allen et al. (1) to supply 
about 1 lb. of lactose per 100 lb. of green material. 

Preservative, when added, was weighed and mixed with the previously 
weighed alfalfa. Each alfalfa or alfalfa-preservative mixture was placed in a 
separate silo and thoroughly packed. Random samples were taken at the time 
each silo was filled. Each silo, when full, was covered with a double layer of 
tarpaper and a burlap bag containing 125 lb. of soil. The battery of twelve 
silos then was covered with a tarpaulin. 

The silos were filled on August 25, 1949, and August 15, 1950, and emptied 
after periods of 6 mo. in 1949, and 6 wk. in 1950. Spoiled silage was separated 
from the unspoiled silage on the basis of appearance. Both were weighed and 
the percentage of spoilage was calculated. Sampling was accomplished by col- 
lecting random handfuls from the total quantity of unspoiled silage contained in 
each silo. These samples were frozen, stored and ground at a later date. The 
ground samples, weighing about 12 lb. each, were mixed thoroughly and an ali- 
quot of about 1 lb. was frozen and stored for chemical analysis at a later time. 
Samples for carotene analyses were stored by the method described by Zscheile 
and Whitmore (16). 

A.O.A.C. official methods (2) were employed in the determination of nitrogen, 
ash, crude fiber and ether extracts for both the materials as ensiled and the pre- 
served silage. Dry matter was determined by drying weighed samples to con- 
stant weight in a vacuum oven at 70° C. Carotene was determined by slight 
modifications (6) of the methods of Zscheile and Whitmore (16) and Miller (7). 

Total acidity, acetic acid, butyric acid, residual acidity, free amino acid and 
volatile base values of the silages were obtained by the method described by 
Watson and Ferguson (13). Statistical analysis of the data was accomplished 
by methods described by Snedecor (10). 

In 1949 temperature and humidity conditions were such on the day of en- 
siling that the unwilted alfalfa contained only 60 to 65 per cent moisture by the 
time it was ensiled and the wilted alfalfa contained only 45 to 54 per cent mois- 
ture. Therefore, the alfalfa actually intended to be unwilted was of approxi- 
mately the moisture content recommended by Woodward and Shepherd (15) 
for wilted silage. Rates of spoilage for 1949 are presented in table 1. 
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Applying the analysis of variance to the percentages of top spoilage, a sig- 
nificant difference between the moisture levels and among the three preservative 
treatments was found (6). Most of the variance among preservative treatments 
was due to low spoilage in the corn-treated silage as compared with spoilage of 
the untreated and whey treated silages. The interaction between moisture level 
and preservatives was significant ; therefore, an investigation of the regressions 
of spoilage on moisture content seemed advisable. 

The coefficient of regression (b in fig. 1) of spoilage on moisture content in 
the corn-treated silage varied considerably from the other two regression coeffi- 
cients, indicating that moisture level affected spoilage less when corn meal was 
used as a preservative than when no preservative was applied or when whey was 
added. Analysis of variance among the ccefficients of regression yielded an F 
value of 8.26 (six and two degrees of freedom) which was significant at the prob- 
ability level of 0.05. 

In 1950, the moisture levels were very uniform, with the silages ranging from 
60.75 to 68.45 per cent moisture; therefore, no moisture level comparisons were 
made. Average spoilage for the three preservative treatments were corn 17.33 


TABLE 1 
Average percentages of top spoilage (1949) 


Preservative 


Moisture level 


Untreated Corn Whey Av. 


Unwilted (60-65% moisture) 12.47 7.58 11.31 10.45 
Wilted (45-54% moisture) 29.53 11.87 34.09 25.16 
Av. 21.00 9.73 22.70 


per cent, whey 31.54 per cent and untreated 23.48 per cent. The day before the 
silos were emptied, the tarpaulin blew off three of the silos treated with whey 
and rain added to the weight of the spoiled material in those three, making an 
evaluation of the results of the 1950 trial difficult. 

All of the silages in both years were green, had no unpleasant odors or flavors 
and were readily eaten by the dry cows and heifers to which the silages were fed. 

Carotene content of the silages was determined in both 1949 and 1950 (see 
table 2). Carotene content of the material as ensiled was determined in 1949 
but not in 1950. In 1949, the carotene content of the unwilted alfalfa was sig- 
nificantly higher than the wilted alfalfa at the time of ensiling, but, at the time 
the silos were emptied, the carotene content of the wilted silage was significantly 
higher. In 1950, also, the carotene content was significantly higher (P = 0.01) 
in the wilted silage than in the unwilted silage. As shown in table 2, however, 
differences are due almost entirely to differences between the whey-treated 
silages. Carotene values for both years were highly variable. 

The materials ensiled and the silages in the 1949 trials were analyzed as pre- 
viously outlined. Coefficients of preservation were calculated from these data 
and used in the statistical evaluation of treatment effects on the preservation 
of ether extract, crude fiber, nitrogen-free extract, crude protein and ash. Re- 
sults of these analyses are presented on a percent of dry matter basis in table 3. 


PRESERVATION OF ALFALFA SILAGE 


O—— CORN b= -0.29 

WHEY b= -1.48 

NO PRESERVATIVE 
be -L.79 


PER CENT SPOILAGE 


1 
50 55 60 
PER CENT MOISTURE 


Fig. 1. The relationship between moisture content and spoilage of silages under the three 
experimental treatments. - 


Coefficients of preservation as presented in table 4 were derived by dividing the 
percentage in the unspoiled portion of the silage by that in the material ensiled. 

The consistent increase in ether extract content from the time of ensiling to 
the time the silos were opened is most easily accounted for by the fact that the 
volatile acids produced by fermentation were extracted by ether in the analy- 


TABLE 2 
Carotene content expressed as y per gram of dry matter 


1949 1950 


Wilted Unwilted Wilted Unwilted 


Materials " Material 
ensilea Silage ensiled Silage Silage Silage 


Untreated 67.5 16.1 229.9 14.5 30.4 
Corn meal 37.6 15.2 115.9 12.6 41.6 40.8 
Dried whey 57.1 17.2 180.5 11.6 52.0 


® Alfalfa or alfalfa-preservative mixture at the time of ensiling. 
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TABLE 3 


Composition of materials ensiled and the unspoiled portion 
of the silages as per cent of dry matter 


Ether Crude Ash Crude Nitrogen-free 
extract fiber Protein extract 


ME* Silage ME Silage ME Silage ME Silage ME Silage 


Unwilted 
Untreated 2.5 5.5 25.34 26.95 7.94 7.98 20.34 23.73 44.52 35.90 
Unwilted 
corn meal 2.6 5.1 21.16 22.14 7.31 7.08 19.34 20.16 49.57 45.52 
Unwilted 
dried whey 2.6 5.3 19.91 25.24 8.88 8.33 20.57 21.92 48.09 39.27 
Wilted 
Untreated 2.8 4.8 23.87 24.75 7.93 7.82 21.36 22.73 44.03 39.92 
Wilted 
corn meal 2.6 4.3 20.12 22.99 6.74 6.98 19.58 21.85 51.01 43.92 
Wilted 
dried whey 2.0 4.7 23.29 25.17 7.89 7.85 21.08 21.55 45.75 40.81 


« Material ensiled: alfalfa or alfalfa-preservative mixture at the time of ensiling. 


sis. The analysis of variance applied to the coefficients of preservation of ether 
extract showed there was a significant difference (P = 0.01) among preservative 
treatments, with most of the significance being due to the large increase of ether 
extract in the whey-treated silages. The difference between wilted and un- 
wilted silages was significant at the probability level of 0.05. 

An increase in crude fiber content during the fermentation process was ob- 
served in all silages. Most of these differences appeared to be due to the greater 
increase in crude fiber in the whey-treated silages. 

Ash content changed very little in any of the silages and there were no sig- 
nificant differences in ash preservation based on the calculated coefficients of 
preservation. 

From the time of ensiling to the time of feeding, there was a slight increase 
of protein content in all treatments. There were no significant effects of treat- 
ment on protein preservation. 


TABLE 4 
Coefficients of preservationa 


Crude Nitrogen-free 


Treatment Ether extract Crude fiber Ash protein extract 


Unwilted 
2.2 1.07 1.01 1.17 0.81 


1.9 1.05 0.97 1.04 0.92 


dried whey 2.1 1.27 0.94 1.07 0.82 
Wilted 


1.7 1.04 0.99 1.07 0.91 


corn meal 1.7 1.14 1.04 1.11 0.86 
Wilted 
dried whey 2.3 1.08 9.99 1.02 0.89 


composition of unspoiled silage 
composition of material ensiled 


* Coefficient of preservation = 


1080 
Unwilted 
corn meal 
Unwilted 
: Wilted 
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Considerable reduction in nitrogen-free extract content could be accounted 
for by the action of bacteria on the fermentable carbohydrates. No significant 
effects of treatment on nitrogen-free extract preservation were observed. 

The total (titratable) acidity, acetic acid, butyric acid, residual acidity (esti- 
mate of lactic acid) and volatile base values were variable. Moisture levels 
seemed to have the most consistent effects on these acid and base values. An at- 
tempt was made to correlate these values with spoilage, but duc to the great 
variability and the relatively small number of observations, few significant cor- 
relations were found. No interpretation of the results of these analyses was 
made. Average values for each treatment are presented in table 5. 

The pH values of the silages varied from 4.77 to 5.14 in 1949 and were not 
measured in 1950. There was no correlation between spoilage and pH and no 
significant difference in pH due to treatment of the silages. 


TABLE 5 


Average acid and base content of the silages expressed as 0.1N acid or acid equivalent 
per 100 g. of fresh silage 


Butyric Residual Volatile 
acid acidity base 


Unwilted 
untreated 2.22 293 100 


7.79 437 
8.24 369 
0 458 
0 448 
0 


SUMMARY 


Ground shelled corn at the rate of 200 lb. per ton of green alfalfa at the time 
of ensiling was more effective in reducing top spoilage in miniature silos than 
dried whey added at the rate of 30 lb. per ton of green alfalfa. Dried whey, 
when used at the above rate, had no significant effect on the amount of top spoil- 
age. Larger amounts of dried whey were not tested. Ground shelled corn re- 
duced spoilage relatively more when applied to the wilted silage (45 to 54 per 
cent moisture) than when applied to the unwilted silage (60 to 65 per cent 
moisture). 

There was less top spoilage in the unwilted silages than in the wilted silages. 
Neither moisture level nor application of preservative appreciably affected nu- 
trient preservation in the unspoiled portion of the silage. 

The wilted silages contained more carotene than the unwilted silages. The 
whey-treated silages, however, accounted for most of this difference. 

Little variance was found in the pH of the silages and no correlation was 
found between pH and spoilage. 


Total Acetic 
acidity acid 
Unwilted 
769 155 88 
Unwilted 
712 154 86 
Wilted 
untreated: 674 93 71 
Wilted 
corn: 645 89 63 
Wilted 
dried whey .................. 673 84 67 | 
| 
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Total acidity, acetic acid, butyrie acid, residual acidity and volatile base 
values are presented. 

Although the rate of spoilage may not be the same in miniature silos as in 
larger silos, the relative differences between treatments probably would be 


similar. 
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AN ELECTROPHORETIC STUDY OF THE PROTEIN IN SKIMMILK’ 


W. L. SLATTER anp Q. VAN WINKLE 
Departments of Dairy Technology and Chemistry, The Ohio State University, Columbus 


The physical and chemical properties of milk proteins have been studied by 
many investigators. In most cases the milk proteins were isolated by chemical 
methods and studied as separate entities, and there is some question as to whether 
these separated proteins exhibit the same characteristics as they do in their nat- 
ural state in milk. Therefore, it was the purpose of this investigation to study 
the electrophoretic properties of the proteins of unfractionated bovine skimmilk 
over a range of pH’s and ionic strengths and to compare the observed properties 
with those reported for the isolated components. In addition, a limited study of 
the effect of heat treatment on the unfractionated proteins of skimmilk was un- 
dertaken to demonstrate the possibilities of electrophoretic analyses as applied 
to unfractionated. protein systems. 

Mellander (8) examined unfractionated bovine skimmilk in a Tiselius electro- 
phoresis apparatus at pH 6.9 and ionic strength 0.1 and reported the presence 
of four components, which he named a-casein, lactalbumin, 8-casein, and y-casein 
in the order of decreasing mobility. Mellander (8) also examined the casein 
fraction from bovine skimmilk and found three components, a-, B- and y-casein. 
The casein fraction of bovine skimmilk was studied further by Krejei et al. (5), 
Krejei (4), and Warner (15). Warner described a chemical procedure for sep- 
arating casein into its a- and B-components. Krejei et al. (5) and Warner (15) 
found electrophoretic evidence for the formation of a complex between a- and 
B-casein. Hipp et al. (2, 3) reported the isolation of y-casein and have investi- 
gated its electrophoretic properties. The influence of rennet on a-casein has 
been studied by Nitschmann and Lehmann (9), who found that rennet treatment 
caused a-casein to split up into two electrophoretic components. 

Electrophoretic studies of the whey proteins have been reported by Smith 
(12), Deutsch (1) and Stanley et al. (13, 14). The B-lactoglobulin of Palmer 
(10) was found to account for 63 to 70 per cent (by peak area) of the protein 
content of whey at pH 6.8, with the remaining 30 to 37 per cent of protein being 
distributed among five additional components (14). From this study and from 
the studies of Smith (12) and Deutsch (1), it is evident that Mellander’s lact- 
albumin (8) corresponds to the B-lactoglobulin of Palmer. In this communica- 
tion, the principal protein component of whey will be referred to as f-lacto- 
globulin, and the name lactalbumin will be reserved for a minor component of 
whey with a sedimentation constant S2o = 1.5 Svedbergs (11). 

Received for publication July 24, 1952. 


1 Article no. 3-52, Department of Dairy Technology, The Ohio State University. Financed 
in part by the Ohio Dairy Products Research Fund. 


1083 


W. L. SLATTER AND Q. VAN WINKLE 


PROCEDURE 


Preparation of samples and buffer solutions. In the studies of untreated and 
unfractionated skimmilk proteins, fresh, mixed, unpasteurized cow’s milk from 
the University herd was separated and cooled at once in ice water. Twenty-five 
ml. of skimmilk were diluted with 75 ml. of buffer and placed in a Visking di- 
alysis membrane and dialyzed, with stirring, against approximately 300 ml. of 
buffer at 2° C. for 24 hr. The buffer then was discarded and the sample was 
dialyzed against 1,700 ml. of fresh buffer at 2° C. for 24 hr. At all pH levels 
above the isoelectric point, the samples were filtered through Whatman no. 1 
filter paper to remove any slight flocculation that might have occurred during 
dialysis. When pH’s below the isoelectric point were used, the milk samples 
were not diluted prior to dialysis, and insoluble materials were moved by cen- 
trifugation. 

The buffer systems used were borate at pH 8.4, phosphate at pH 6.6, acetate 
at pH’s 5.4 and 4.1 and lactate at pH 3.2. For each pH, three ionic strengths 
(1/2) were used, namely: 0.02, 0.10 and 0.50. In all solutions, the buffer ions 
were maintained at an ionic strength of 0.02, and for solutions with total ionic 
strengths of 0.10 and 0.50, NaCl was added in amounts equivalent to ionic 
strengths of 0.08 and 0.48 respectively. 

In the studies of the effect of heat treatment on the electrophoretic properties 
of proteins in skimmilk, fresh skimmilk was heated to 65, 75 and 85° C., and 
held for 30 min. in a water bath. Heating was done in 1-1. flasks equipped with 
agitators and thermometers. At the end of the 30-min. period, the samples were 
cooled rapidly in ice water. The milk samples were prepared by diluting 15 ml. 
of milk with 85 ml. of phosphate buffer pH 6.6, [/2=0.1. Dialysis and electro- 
phoretice analyses were conducted by the same procedures used for the unheated 
samples. Only one electrophoresis run was made for each temperature condition. 
A raw milk sample of the same milk was used as a control. 

Electrophoresis measurements. The electrophoresis experiments were carried 
out in a Tiselius-Klett apparatus equipped with the schlieren scanning device 
of Longsworth (7). Cells of 92-mm. channel length were used. The electro- 
phoresis cell was maintained at 0.5 +0.1° C. For the samples which received 
no heat treatment duplicate runs were made at all pH’s and ionic strengths, 
except at pH 6.6, [/2 = 0.10, where four runs were made. 

Mobilities were calculated from the velocities of the descending boundaries, 
caploying the conductivities of the protein solutions measured at 0° C. The 
relative areas of the components in the schlieren photographs were determined 
by placing the negatives on finely ruled cross section paper and counting squares. 
Area measurements were repeated several times for each pattern and average 
values taken. 


RESULTS AND DISCUSSION 


Normal skimmilk. The schlieren scanning patterns of unfractionated and 
unheated bovine milk proteins are shown in figure 1, patterns (a) through (0) 
for pH’s ranging from 8.4 to 3.2 and ionic strengths from 0.02 to 0.5. In these 
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figures, for a given pH and ionic strength, the patterns for both the descending 
and ascending boundaries are shown, with the pattern for the ascending boun- 
daries on the left and the pattern for the descending boundaries on the right in 
each figure. The direction of migration is indicated by an arrow below each 
pattern and the initial boundary position is indicated by the position of the tail 
of the arrow. The mobilities of the descending boundaries and the relative areas 
of the schlieren peaks for ascending and descending boundaries are given in 
tables 1 and 2, respectively. 

The principal components observed in the electrophoretic patterns of figure 1 
were identified by comparison of their mobilities and relative areas with the 


e J 


Fig. 1. Electrophoresis patterns of unheated skimmilk at various pH’s and ionic strengths. 
Electrophoresis times and field strengths: 
a. 90min. at 8.llvolts/em. f. 200 min. at 4.43 volts/em. 
b. 125 min. at 8.83 volts/ems g. 180 min. at 6.38 volts/em. 
e. 90min. at 8.35 volts/em. h. 280 min. at 4.91 volts/em. 
d. 132 min. at 5.49 volts/em. i. 198 min. at 5.52 volts/em. 
e. 60min. at 7.73 volts/em. j. 115 min. at 5.75 volts/em. 
Components: q-casein (1), B-lactoglobulin (2), B-casein (3). 


760 min. at 2.57 volts/em. 
714 min. at 2.48 volts/em. 
. 990 min. at 2.50 volts/em. 
825 min. at 2.53 volts/em. 
726 min. at 2.52 volts/em. 


data of Mellander (8) for unfractionated milk at pH 6.9, ['/2 = 0.1, and the data 
of Warner (15) on a- and f£-casein for a range of pH’s at '/2= 0.1. 

In the pattern of the descending boundaries for pH 6.6, [/2=0.1 (fig. 1-g) 
four principal components were observed. Listing them in the order of decreas- 
ing mobility, they were a-casein, B-lactoglobulin, 8-casein and y-casein plus 
e-boundary. 

At pH 8.4, r/2=0.1 (fig. 1-f£, descending) only three major peaks were ob- 
served for the four possible components listed above. By a comparison of the 
relative areas of the peaks obtained at pH 6.6 and pH 8.4 (table 2) it was con- 
cluded that 8-lactoglobulin migrated with a-casein at the higher pH. Similarly, 
at pH 5.4, r/2=0.1, (fig. 1-h, descending) only three major peaks were ob- 
served and on a comparison of peak areas with the peak areas of the pattern for 


0.02 O10 0.50 
2 
a 2 
2 
3 as 2 
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TABLE 1 


Descending mobilities for the electrophoretic components of skimmilk at various levels of pH 
and ionic strength 


Mobilities x 10° (em.? see.~* volt“) 


at 0° C. 
T/2=0.02 
pH c-Casein B-Lactoglobulin B-Casein 
8.4 5.7 5.7 2.8 
6.6 6.4, 5.3 3.5 2.1 
5.4 5.5, 4.6 1.4 1.4 
4.1 0 + 6.0 + 3.6, + 3.0 
3.2 5.9 +7.5 +4.3 
T/2=0.1 
8.4 4.7 4.7 2.5, 1.2 
6.6 4.8 3.0 2.0 
5.4 4.1, 3.8 1.3 1.3 
4.1 0 +3.9 +2.1 
3.2 + 4.2 +5.8 + 2.0 
T/2=0.5 
6.6 3.1, 3.0 2.3 1.8 
4.1 1.5 +15 0 
3.2 0 + 3.0 +3.0 
TABLE 2 


Relative areas for the electrophoretic components of skimmilk at various levels of pH and 
ionic strength 


Ascending Descending 
pH B- Y B- Y 
a- B- a- 
Lacto- Casein Lacto- Casein 
Casein globulin Casein +8 Casein globulin Casein ‘inn 
= 0.02 
8.4 20, 22 6 13, 4 35 1 - 22 5 
6.6 44 9 21 26 34, 33 11 15 7 
5.4 54 8 11,8 19 36, 38 i 6 
4.1 70* 19 §1* 28 
3.2 $1 15 17,16 21 42 16 22 20 
T/2=0.1 
8.4 40 11 17 32 I 22 6 
6.6 51 18 24 7 62 11 19 8 
5.4 25 17 35, 29 7 
4.1 24* 62 14 Sass 22* 52 Serer 
3.2 24 30 20 26 21 49 11 19 
T/2=0.5 
8.4 10, 38 21 17 8 
6.6 44 9 19,41 13 18 9 
5.4 21, 30 Hes 37 12 23,46 a 25 6 
4.1 8 26 8 31 


* Includes area of §- or e-boundary. 
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pH 6.6 (see table 2) it was concluded that B-lactoglobulin migrated with 8-casein 
at the lower pH. 

At pH 4.1, ©/2=0.1, (fig. 1-i, descending) three principal components were 
observed. From the mobility data of Warner (15) for a-casein and B-casein and 
ot Li (6) for B-lactoglobulin, these components were identified as B-lactoglobulin, 
8-casein and a-casein, listed in the order of decreasing mobility. 

At pH 3.2, 1/2 =0.1 (fig. 1-g, descending) four components were observed. 
The leading component was identified as B-lactoglobulin. It was not possible 
to identify positively the remaining components. The component of zero mobil- 
ity was a new entity, and the two components between it and A-lactoglobulin 
were a- and f§-casein, with some uncertainty as to their absolute identities. 


© B- Lactoglobulin 
4 B- Casein 


> 


avs 


nN 


Mobility (cm.? volt~'sec.“') x 105 
° 


—+— 
6 N 
-8 
2 3 = 5 6 7 8 ¢ 
pH 


Fig. 2. Curves of mobility vs. pH at ionic strength =0.02 for proteins in unfractionated 
skimmilk. 


The influence of pH on the mobilities of the skimmilk proteins at T'/2, = 0.1 
is shown in figure 3. At P'/2=0.02 and pH’s from 8.4 to 3.2, the schlieren 
scanning patterns (figs. 2-a to e, descending), were quite similar to correspond- 
ing ones at 1/2 =0.1, and the identifications of components were readily made. 
The curves of mobilities vs. pH at '/2 = 0.02 are given in figure 2. From figure 
2 and figures 1-b and 1-c, descending, it is evident that a-casein migrated as two 
components at pH’s 6.6 and 5.4, which may be called a;- and a,-casein. The 
separation of a-casein into the a;- and a,-components also occurred at pH 5.4, 
1/2 =0.1 (figs. 3 and 1-h, descending), but the difference in mobilities of the two 
components was small at this ionic strength. 8-casein was found to divide into 
two components at pH 4.1, T'/2 = 0.02 (fig. 3). 
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At T/2 =0.5 and pH’s from 8.4 to 5.4, the schlieren patterns for the skim- 
milk proteins showed some resemblance in number of components and relative 
peak areas to those for ['/2 = 0.1 over the same range of pH’s (figs. 1-k to 1-0). 
The principal differences in the patterns at [/2 = 0.5 and 0.1 oceurred at pH’s 


- Lactoglobulin 
- Casein 


N 


Mobility’ (cm? volt'sec7') x 
N 


> 


pH 


Fig. 3. Curves of mobility vs. pH at ionic strength=0.10 for proteins in unfractionated 
skimmilk. 


4.1 and 3.2, and were due to a shift of the isoelectric points to lower pH’s and 
a general decrease in mobilities brought about by the high salt concentration 
(figs. 2 and 4). 

From the electrophoresis studies of Warner (15) on whole casein and mix- 
tures of a- and f-casein, it is known that an interaction occurs between a-casein 
and £-casein at T'/2 = 0.1, which increases in degree as the pH is reduced from 


TABLE 3 


Influence of pH and ionic strength on interaction of q-casein and B-casein in skimmilk from 
descending boundaries 


Relative areas 


T/2=0.02 T/2=0.10 


Casein globulin Casein +e Casein globulin 


62 11 22 61 1l 
67 11 15 62 ll 
74 1l 9 64 1l 


8 to 5. This was shown by the increase in relative area of the a-casein peak and 
decrease in relative area of the B-casein peak which occurred as pH was decreased 
(15). Using the relative areas of the descending boundaries for ['/2 = 0.1 given 
in table 3, and assigning a relative area of 11 per cent to B-lactoglobulin as de- 


| 
+ d- Casein 
fa 
: 
| 
i 
-6 
\ 2 3 4 5 6 7 8 9 
is 
: 
pH 
B- 
8.4 22 6 
6.6 19 8 
5.4 18 7 
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termined from the pattern at pH 6.6, it was possible to caleulate the relative 
areas of a-casein and £-casein at pH’s 8.4 and 5.4, where £-lactoglobulin migrated 
with one or the other of these components, by subtracting 11 relative units from 
the total relative area of the peak in which f-lactoglobulin occurred. The re- 
sults of this analysis are given in table 3. 

At T/2 =0.1, it can be seen that only a slight increase in the relative area of 
the a-casein component and a correspondingly small decrease in the relative area 
of the 8-casein component occurred with decreasing pH. Therefore, it was con- 
cluded that there is a very little interaction between the a- and f-casein com- 
ponents of unfractionated skimmilk at [/2=0.1. However, by applying the 
same analysis to the relative areas of unfractionated skimmilk proteins at I'/2 = 
0.02, a very marked increase in area of the a-casein component was observed and 
a correspondingly large decrease occurred in the area of the B-casein component 
with decreasing pH (see table 3). Therefore, it was concluded that there is an 
interaction between the a-casein and B-casein components of unfractionated skim- 
milk proteins at I'/2 = 0.02, which increases in degree as the pH is decreased 
from 8.4 to 5.4. 

At pH 8.4, /2=0.1 (fig. 1-f), B-lactoglobulin is resolved as a separate peak 
in the patterns of the ascending boundaries and is within the a-casein peak in 
the pattern of the descending boundaries. This behavior also is seen at pH 8.4, 
1/2 = 0.02 (fig. 1-a). 

In comparing the mobilities of the skimmilk proteins at [/2=0.1 (fig. 2) 
with the mobilities of the isolated components as reportea by Warner (15) and 
Li (6), it was found that a- and £-casein and £-lactoglobulin in unfractionated 
skimmilk exhibited mobilities which were significantly lower than the mobilities 
of the chemically isolated components. Also, Warner (15) reported that the 
mobility of a-casein in unfractionated casein was lower than the mobility of puri- 
fied a-casein. This comparison can now be extended to a-casein in unfractionated 
skimmilk, where this work.has shown that the a-casein component has a lower 
mobility than the corresponding component in unfractionated casein. 

These differences in mobilities between the proteins in unfractionated skim- 
milk and in the chemically isolated form indicate that either the procedures used 
in the isolation of the milk protein components produce changes in electrophoretic 
properties or there are interactions between the protein components in skimmilk 
which lower their mobilities. 

The isoelectric points for unfractionated skimmilk proteins at I'/2 = 0.02, 
0.1, and 0.5 were obtained from the curves of figures 2, 3 and 4 and are listed 
in table 4. 

Warner (15) reported the isoelectric points of isolated a- and B-casein as 4.1 
and 4.5, respectively. This compares with the isoelectric points of 4.1 and 4.8 
found in this investigation for the a- and £-casein components in unfractionated 
skimmilk. Pedersen (11) found the isoelectric point of pure B-lactoglobulin to 
be 5.2 at ©/2=0.02. The isoelectric point for this component in unfractionated 
skimmilk was found to be 5.2. : 

At T/2 = 0.02, the isoelectric points of the skimmilk components (table 4) 


‘ 
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were quite close to the values observed at [/2=0.1. However, at '/2=0.5, 
there was a shift in the isoelectric points of all components to lower pH values. 

The best electrophoretic separation or resolution of the milk protein com- 
ponents of unfractionated skimmilk was obtained at pH 6.6 and I'/2 = 0.02, with 
almost equal resoluticn at pH 6.6 and T'/2=0.1. This may be seen by an examina- 


+ Casein 
- Lactoglobulin 
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Fig. 4. Curves of mobility vs. pH at ionie strength = 0.50 for proteins in unfractionated 
skimmilk. 
tion of the patterns (figs. 1-b and 1-g) and the mobility vs. pH curves (figs. 2 and 
3). The commonly used veronal buffer (pH 8.6) does not permit good resolu- 
tion of 8-lactoglobulin from a-casein by electrophoresis, since B-lactoglobulin has 
nearly the same mobility as a-casein in this pH in the unfractionated skimmilk 
protein system. 
TABLE 4 
Isoelectric points of proteins in unfractionated skimmilk at various ionic sterngths 


Isoelectric points 


Ionic strength 


0.02 0.1 0.5 
Component 
a-casein 4.1 4.1 3.2 
lim 5.2 5.0 4.8 


Heat-treated milk. The electrophoresis patterns for the skimmilk samples 
which received 30 min. of heat treatment at 65, 75 and 85° C. are shown in 
figures 5-b, -c, -d. The patterns of the untreated control are shown in figure 5-a. 
In each figure, the descending boundaries are represented by the pattern on the 
right, and the ascending boundaries, by the pattern on the left. The relative 
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areas of the protein peaks in the descending patterns are given in table 4. As 
shown in figure 5 and table 5, heat treatment at 65° C. caused a reduction in the 


b 


c 


Fia. 5. Electrophoretic patterns of skimmilk at pH 6.6, [/2=0.1: (a) unheated, (b) 
heated at 65° C. for 30 minutes, (c) heated at 75° C. for 30 minutes, and (d) heated at 85° C. 
for 30 minutes. 


concentration of f-lactoglobulin and the appearance of electrophoretically het- 
erogenous material which was distributed between a-casein and £-casein peaks. 
From pattern ¢ of fig. 5, it was evident that heating at 75° C. for 30 min. pro- 


TABLE 5 
Relative areas for thé electrophoretic components of heat treated skimmilk at pH 6.6, T/2=0.1 


Descending boundaries 


Sample B-Lacto Casei 
a-Casein globulin B-Casein e-Boundary 
Raw 64 13 23 0 
Gi mini. .................. 67 7 26 0 
76 0 11 13 
mits. 82 0 0 18* 


* Mobility equals 0.56 x 10-° 


duced (a) a complete disappearance of B-lactoglobulin, and (b) considerable 
reduction in the concentration of 8-casein and (c) the appearance of a new com- 
ponent of approximately zero mobility. 


TABLE 6 


Descending mobilities for the electrophoretic components of heat treated skimmilk at 
pH 6.6, T/2=0.1 


Mobilities x 10° (em.? sec.“ volt) at 0° C, 


Sampl 
a-Casein B-Lactoglobulin B-Casein 
Raw 4.6 2.87 1.98 
75° C./30 min. ... 3.66 1.3 
C./80 2.54 56 


From pattern d of figure 5, it was noted that f-casein and £-lactoglobulin 
were completely removed by heat treatment at 85° C. for 30 min., leaving only 
a-casein and a component of low mobility (table 5). 

Mobilities of the descending boundaries are given in table 6. Here consistent 
and marked decreases in mobilities were observed for all components as the tem- 
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peratures of heat treatment were increased. It was noted that concurrent with 
the marked decrease in the mobilities of all components with increasing tempera- 
tures of heat treatment, there was an increase in total and relative concentration 
of a-casein. This may be the result of the formation of a complex between 
a-casein and one or more of the other protein components under the influence of 
elevated temperatures. 

SUMMARY 


Electrophoretic studies of unfractionated and unheated skimmilk proteins at 
ionic strengths of 0.02, 0.1 and 0.5 at pH’s 8.4, 6.6, 5.4, 4.1 and 3.2 have shown 
that: 

(a) The electrophoretic mobilities of the proteins in unfractionated skimmilk 
are appreciably lower than the mobilities of the corresponding isolated proteins. 

(b) The isoelectric points of the proteins in unfractionated skimmilk are ap- 
proximately the same as the isoelectric points of the corresponding isolated pro- 
teins reported by other workers. 

(ec) The best electrophoretic resolution of the proteins in skimmilk occurs at 
pH 6.6 and ionic strengths of 0.02 and 0.1. 

(d) a-Casein migrates as two distinct components, a:- and as-casein, over a 
range of pH’s above 4.2 at ionic strengths of 0.02 and 0.10. 

(e) An interaction occurs between the a- and £-casein components of skim- 
milk which increases in degrees as pH is lowered from 8.4 to 5.4 at ionic strength 
0.02. 

Heat treatments of skimmilk for 30 min. at 65, 75 and 85° C. were found to 
cause the following changes in the electrophoretic properties of the protein com- 
ponents as revealed by electrophoresis measurements at pH 6.6, 1/2 =0.1: (a) 
The mobilities of a-casein, 8-casein and f-lactoglobulin are lowered by heating, 
the effect being greater at the higher temperatures; (b) The concentrations of 
B-lactoglobulin and f-casein are decreased and the concentration of protein 
migrating with a-casein is increased by heating skimmilk under the conditions 
given. 
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THE EFFECT OF AUREOMYCIN FEEDING ON CHANGES IN WEIGHT 
AND IN BODY MEASUREMENTS OF DAIRY CALVES”? 


N. L. JACOBSON, J. G. KAFFETZAKIS: anp P. G. HOMEYER 
Iowa Agricultural Experiment Station, Ames 


The growth-stimulating effect on young dairy calves of orally administered 
aureomycin has been demonstrated by numerous investigators (1, 9, 10, 12, 14), 
whereas with older dairy cattle and with other ruminants the data are neither so 
extensive nor so conclusive. Although adverse effects were observed when 
aureomycin was fed to steers (2) and to lambs (4, 5, 6), favorable responses have 
been reported when this antibiotic was administered to ruminating dairy calves 
(8, 11) and no adverse effects were noted when it was fed to dairy cows (7). 
Inasmuch as further study of the effects of antibiotics on older dairy animals 
seemed desirable, the present investigation was undertaken to determine the re- 
sponses of ruminating dairy calves (a) to continued aureomycin supplementa- 
tion over a comparatively long period of time, (b) to introduction of aureomycin 
into the diet and (c) to removal of aureomycin from the diet. 


EXPERIMENTAL 

Thirty-two dairy calves which had been employed in an earlier study (10) 
were divided at 116 days of age into four comparable groups with breed and sex 
distribution as shown in table 1. Half of the calves previously had received 
aureomycin and were divided in the present investigation so that one group 
(AA) continued to receive the antibiotic, whereas supplementation was discon- 
tinued in the other group (AC). The calves which had not been fed aureo- 
mycin previously likewise were divided, one group (CA) receiving the anti- 
biotic during the present study and the other (CC) receiving nc:e. Each calf 
had received hay, a concentrate mixture and either whole milk or reconstituted 
skimmilk previously and allotment to groups was such that a comparable number 
of animals in each group had been fed each of the two types of milk. 

During the present investigation (age period, 117 to 200 days), each calf was 
placed in an individual pen and was fed a concentrate mixture,‘ limited to a 
maximum of 4 Ib. per calf daily, and alfalfa hay, salt and water ad libitum. 
The aureomycin hydrochloride fed to groups AA and CA was in a feed supple- 
ment (Aurofac A°) and was mixed with the concentrate. 

Received for publication July 24, 1952. 

1 Journal paper no. J-2126 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project no. 814. 

2 Supported in part through funds provided by Lederle Laboratories Division, American 
Cyanamid Co., Pearl River, N. Y., and by Western Condensing Co., Appleton, Wis. 

8 Present address: Ottawa Dairy Div., The Borden Co. Ltd., Ottawa, Can. 

4 Composed of 27 per cent ground corn, 30 per cent crushed oats, 13 per cent wheat bran, 
13 per cent soybean oil meal, 7 per cent linseed oil meal, 7 per cent dried beet pulp, 2 per cent 
steamed bone meal and 1 per cent salt. 


5 This supplement, containing not less than 1.8 g. aureomycin hydrochloride per pound, was 
supplied by Lederle Lab. Div., American Cyanamid Co., Pearl River, N. Y. 
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Criteria for evaluation of the responses of the calves to the various treaments 
were health; changes in body weight recorded at weekly intervals; changes in 
height at withers, chest circumference, chest depth and barrel circumference 
recorded at 4-wk. intervals; and daily consumption of concentrates, hay and 
water. 


TABLE 1 
Breed and sex distribution of calves in the various dietary groups 
Breed H J G A 
Sex M F M F M F x .2 
Previous Experimental 4 
treatment® treatment> (No. of animals) 
A A 3 1 1 1 1 1 
A Cc 3 1 1 1 1 1 
Cc A 3 1 1 1 1 1 
Cc Cc 3 1 1 1 1 1 


a During the age period from 4-116 d. A=80 mg. crystalline aureomycin hydrochloride/ 
calf daily; C=no aureomycin supplementation. 

> During the age period from 117-200 d. A=80 mg. aureomyein hydrochloride (in Auro- 
fac A)/ealf daily; C=no aureomycin supplementation. 


RESULTS 


The group mean weekly weights during the 12-wk. experimental period are 
presented in figure 1. The calves fed aureomycin previous to and during the 
experimental period (group AA) weighed more initially (116 days of age) than 
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Fie. 1. Mean changes in body weights of calves in the various dietary groups. 


the calves which received no antibiotic (group CC). Moreover, the weight gains 
during the experimental period were greater for calves in the former group than 
for those in the latter. Removal of aureomycin from the ration (group AC) re- 
sulted in an abrupt diminution in rate of growth, whereas introduction of aureo- 
mycin into the diet of calves not previously fed the antibiotic (group CA) 
resulted in an early increase in growth rate. 


| 
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An analysis of variance (13) was employed to evaluate statistically the body 
weights (table 2). Only the data for the Holsteins and Jerseys were used in 
this analysis, since the sex distribution was not uniform for the other breeds 
(table 1). The weight changes of calves fed aureomycin during the present 
experiment (groups AA and CA) were significantly greater (P=0.01) than 
those of calves that did not receive the antibiotic (groups AC and CC). More- 
over, calves not fed aureomycin previously (groups CA and CC) gained sig- 
nificantly more (P = 0.05) than those fed aureomycin prior to the present investi- 
gation. There was no significant interaction, however, between previous treat- 
ment and experimental treatment. Conversely, the interaction between breed 
and experimental treatment was significant at P = 0.05, indicating a differential 
response of the two breeds to aureomycin feeding. The mean daily weight gains 
of Jersey calves in the aureomycin and in the non-supplemented groups were 
2.1 and 1.1 lb., respectively, whereas those for the comparable Holsteins were 2.2 


TABLE 2 
Analysis of variance of total body weight changes during the 12-week experimental period 


Source of variation 
Treatment 3 4,062.0** 
Previous treatment 1 1,365.0* 

Experimental treatment 1 10,795.0** 
PT X ET 1 26.1 
Breeds 1 10,121.0** 
BXT 3 1,585.3* 

Sex within breeds 2 918.5 
S X T within breeds 6 283.6 
Individuals 8 232.2 


* Significant at P = 0.05. 

** Significant at P = 0.01. 
and 1.8 lb. Caution should be observed in the interpretation of this differential 
breed response, since there were only two Jersey calves in each dietary group. 
The changes in the various body measurements at 4-wk. intervals, shown: in 
figure 2, were in most instances similar to the changes observed in body weights. 
Initiation of aureomycin supplementation resulted in an acceleration, and dis- 
continuation of supplementation resulted in a retardation, of rate of increase. 
The only exception was in circumference of barrel measurements in which no 
change was effected by removal of aureomycin from the diet. 
The data for each of the body measurements for Holsteins and Jerseys were 
analyzed by the same procedure as that employed in table 2 for body weights. 
Although the trends in height at withers and in chest depth were similar to those 
observed in body weights, the differences were not significant statistically at 
P=0.05. The changes in circumference of chest and in cireumference of barrel, 
however, were significantly greater (P = 0.01) for calves fed aureomycin (groups 
AA and CA) than for those which received no antibiotic (groups AC and CC). 
It also was observed that the animals that had not received aureomycin previ- 
ously (groups CA and CC) exhibited significantly (P=0.01) greater positive 
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changes than those that had been fed the antibiotic (groups AA and AC). There 
was no apparent interaction between previous treatment and present treatment, 
whereas a significant (P = 0.05) interaction between breed and treatment was 
observed for both measurements, the Jerseys exhibiting the greater response to 
aureomycin supplementation. 

The mean feed consumption, in pounds, for calves in groups AA, AC, CA and 
CC, respectively, were: hay, 616, 516, 567 and 474; concentrates, 336, 336, 336 and 
330; and water, 3,009, 2,757, 2,940 and 2,778. Since the concentrates were lim- 
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Fic. 2. Mean changes in body measurements of calves in the various dietary groups. 


ited to 4 lb. per calf daily, the consumption in all groups was approximately the 
same. Hay and water consumptions, however, were greater for calves fed aureo- 
mycin. The hay boxes were designed to minimize wastage. Nevertheless, there 
was some loss and thus the actual consumption was slightly less than the vaiues 
indicated. There was no reason to believe, however, that there were any appre- 
ciable differences among the various groups in the amount of hay that was wasted. 

In general, the physical condition of calves in all groups was highly satis- 
factory. Elevated body temperatures were observed in a few individuals but 
no inter-group differences in rate of occurrence were apparent. All cases re- 
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sponded to sulfonamide therapy. One calf in group CC exhibited a depressed 
appetite and a sub-normal blood plasma vitamin A level (both of which were 
alleviated scon after administration of massive doses of vitamin A) and another 
in the same group scoured during a brief period. Two mild cases of bloat oc- 
curred in two calves in group CA. Condition of haircoat was markedly superior 
among calves fed aureomycin. 

DISCUSSION 

The accelerated growth rate previously observed (10) among calves fed aureo- 
mycin from 4 to 116 days continued during the period of the present investigation. 
The difference between the supplemented and non-supplemented groups in- 
ereased during the initial 8 wk. and -vas essentially constant thereafter. The 
average daily increases in body weights for the aureomycin-fed (AA) and for the 
control (CC) groups were 2.0 and 1.7 lb., respectively. It is apparent, however, 
that the growth-stimulatory effect is dependent upon the continuous presence of 
the antibiotic in the diet, since after the aureomycin was omitted the accelerated 
rate of weight gains of calves in group AC ceased. This is in agreement with 
observations of Berg et al. (3) with chicks. 

Introduction of aureomycin into the diet of calves not previously fed the 
antibiotic (group CA) resulted in an increase in feed (hay) consumption and a 
coneomitant acceleration in rate of weight gain, suggesting that the latter re- 
sponse is dependent at least in part upon the former. This postulate is sup- 
ported further by the reduction in feed intake and in rate of growth of calves 
in group AC following removal of aureomycin from the diet. The manner in 
_ which the antibiotic exerts its influence upon appetite, however, remains obscure. 
If the mode of action is ‘‘selective’’ bacteriostasis, it is possible that uader certain 
conditions a more favorable bacterial flora in the gastrointestinal tract with sub- 
sequent improvement in health and vigor and an enhancement of appetite might 
result. Inasmuch as calves in group CA reacted favorably to aureomycin sup- 
plementation, it appears that a functional rumen at the time of introduction of 
the antibiotic into the diet of the dairy calf is not antagonistic to enhanced appe- 
tite and growth. The reason for the appetite stimulation resulting from aureo- 
mycin suppiementation to dairy calves as contrasted to the appetite suppression 
observed in steers (2) and in lambs (4, 5, 6), however, is not clear. 

The comparative changes in body measurements of calves in the various 
dietary groups were strikingly similar to the changes observed in body weights. 
The among-group differences were smallest for height at withers, the measure- 
ment which would be expected to estimate most accurately the changes in skeletal 
development. Moreover, the differences among groups were only slightly greater 
for chest depth and were largest for cireumference of chest and circumference 
of barrel. Thus, although the greater weight gains of calves fed aureomycin 
may be due in part to more rapid skeletal development, improved condition 
(fleshing) of the animals also apparently is a contributing factor. Further- 
more, since increases in feed consumption and in barrel circumference were 
greater among aureomycin-fed calves, differences in gastrointestinal volume may 
have been involved. 
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The supplemented calves received an average of approximately 7 mg. of 
aureomycin hydrochloride per pound of feed consumed, a level which apparently 
was adequate for marked growth stimulation. Whether a lower level would 
have been equally as effective cannot be ascertained on the basis of the present 
study. It is possible also that a higher antibiotic intake might have enhanced 
the responses. This seems unlikely, however, since four calves, not included in 
the data presented, that were fed 240 mg. aureomycin hydrochloride daily ex- 
hibited weight and body measurement changes similar to those of the supple- 
mented calves (groups AA and CA). 

Although the present experiment and previous studies demonstrate the 
growth-stimulating effect of aureomycin on dairy calves, many questions remain 
unanswered, including the possible effects of antibiotic feeding on the ultimate 
conformation and on the reproductive efficiency of the animals and on the effec- 
tiveness of future use (dietary and therapeutic) of antibiotics. Moreover, the 
comparative effects of various antibiotics need to be determined. Therefore, 
investigations designed to clarify some of these relationships have been initiated 
and will be reported later. 


SUMMARY 


Thirty-two dairy calves were divided at 116 days of age into four comparable 
groups. Calves in groups AA and AC previously had received crystalline aureo- 
mycin hydrochloride in the milk, whereas calves in groups CA and CC had been 
fed no antibiotic. During the subsequent 12-wk. period calves in groups AA 
and CA received aureomycin (Aurofac A in the concentrate mixture) and those 
in groups AC and CC were fed none. 

During the 12-wk. experimental period, gains in body weight and increases 
in circumference of chest and of barrel were significantly greater (P = 0.01) for 
calves fed aureomycin (gréups AA and CA) than for calves receiving no anti- 
biotic (groups AC and CC). Differences in height at withers and in depth of 
chest were less. 

Although previous treatment (groups AA and AC vs. CA and CC) had less 
effect than experimental treatment on changes in weight and in the various body 
measurements, the mean values in each instance were greater for calves not pre- 
viously fed aureomycin. 

Mean weights at the termination of the experiment were greatest for calves 
in group AA, followed in decreasing order by those in groups CA, AC and CC. 
With the exception of barrel circumference, the group mean values for the 
various body measurements ranked similarly. Hay and water consumptions 
were greater for calves fed aureomycin. 
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THE PRESERVING ACTION OF SUBTILIN AND MILD HEAT IN 
NORMAL AND CONCENTRATED MILK’ 


FRED R. EVANS anp HAROLD R. CURRAN 
Bureau of Dairy Industry, Agricultural Research Administration, U. S. D. A. 


The use of antibiotics in the preservation of food first was studied by Curran 
and Evans (8, 9), who reported that neither penicillin nor streptomycin was a 
reliable preserving agent for milk, although penicillin at extremely low levels 
was shown to be sporostatic and sporocidal against a wide range of organisms; 
the greater efficiency of these antibiotics when used in conjunction with mild heat 
was noted. Beginning late in 1949, a series of preliminary reports (2, 3, 4, 5) 
based upon the work of Anderson and Michener of the Western Regional Re- 
search Laboratory, revealed that subtilin when used in low concentration (10 to 
20 ppm.) and combined with mild heating exerted a remarkable preserving 
effect in a variety of canned foods, including milk. Data (2) seemed to indicate 
that the spores of the most significant spoilage species, including Clostridium 
botulinum, were killed or effectively inhibited by the subtilin-heat treatment. 
These reports aroused wide interest in the press and canning industry, since it 
was recognized that such a procedure, if proved to be effective, safe and prac- 
ticable, would make possible the preservation of low-acid canned foods without 
pressure heating. 

The potential usefulness of the subtilin-heat process in the preservation of 
fluid and concentrated milk led us to investigate the effectiveness of the method. 
The results are reported in this paper. 


MATERIALS AND METHODS 


Spores of the aerobic species were produced on large bottle slopes of nutrient 
agar; after suitable incubation the crop was harvested and washed in the usual 
way. Clumps were broken up by shaking with small glass beads, after which 
the dispersed cells were stored in sterile distilled water at 6° C. until used. An- 
aerobic spores were produced in liver broth and used directly after concentration 
without washing. The milk, obtained from the Bureau of Dairy Industry ex- 
perimental farm at Beltsville, Md., was fresh and of good quality. The tubed 
samples were heated in a thermostatically controlled glycerine bath. 


EXPERIMENTS AND RESULTS 


In the first experiment, raw whole milk was treated and stored in small lac- 
quered cans of 150-ml. capacity. The technique was as follows: 46 to 49 ml. of 
chilled milk were measured into a series of sterile cans; to each was added, first, 
the inoculum, then the subtilin solution required to give the desired final concen- 

Received for publication July 24, 1952. 


1 This study was carried out in cooperation with the Bureau of Agricultural and Industrial 
Chemistry. 
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tration; 50 ml. more of milk then were added and the cans sealed, shaken vig- 
orously for several minutes and placed in a pilot sterilizer which rotated the 
samples slowly in water heated by steam. The cans remained in the sterilizer 
for 10 to 13 min. after their internal temperature reached 100° C.; they then 
were plunged into ice water, agitated briskly and placed in storage at 30° C. 
(exceptions noted). The results (table 1) show that several cultures at 20 ppm. 
and two at 40 ppm. subtilin induced spoilage in the milk over a 5-mo. storage 
period. The inoculum in some samples was greater than would be normally en- 
countered ; in others, it was not greatly in excess of levels which occasionally are 
attained in commercial practice. 

The influence of size of inoculum upon the preserving action was next investi- 
gated. In this experiment, 10-ml. quantities of milk were dispensed into 125-ml. 
Erlenmeyer flasks and sterilized by autoclaving; after chilling to 0 to 6° C., the 


TABLE 1 


Influence of subtilin and heata upon the preservation of canned whole milk artificially inoculated 
with spores of miscellaneous aerobic and anaerobic species 


Viable Subtilin (ppm.) in milk before heating 
Organism spores/ml. 
in milk 
before heating 0 10 20 40 

B. subtilis (9499) ... 36,000,000 + 4b +4 +5 +16 
B. subtilis (6) 100,000,000 +4 +6 + - 
B. aterrimus (230) 650,000 + —e - 
B. brevis (Temple) 85,000 + - - 
B. megatherium 120,000 + + - 
B. metiens ..... 2,000 + - - 
B. stearothermophilus (26)4 00.0... 218,000 + - - 
Cl. thermosacchrolyticum (TA-3814)4 .. 216,000 + - - 
P. A. 3679 60,000 +4 +9 +20 +30 


a 100° C.—10 min. 

spoilage and day in storage it occurred. 

¢—=no change. 

4 Storage temp., 45° C.; all others 30° C. Storage period, 5 mo. 


milk was seeded with the spores of Bacillus subtilis and mixed by gentle rotation 
of the flasks; subtilin then was added, sufficient to give a final concentration of 
20 ppm. and the flasks again rotated to insure uniform distribution. The samples 
were quickly transferred to sterile tubes and heated at 100° C. for 10 min., 
cooled and stored at 30° C. The results are shown in table 2. All samples con- 
taining 28,000 or more spores per milliliter ultimately spoiled, although in all 
except those with the highest inoculum, a delay in the development of spoilage 
over the control is evident. Samples containing 2,800 or less spores per milli- 
liter remained unchanged for a period of 3 mo. ad heating in the absence of 
subtilin protected the sample containing an average of 0.28 spores per milliliter 
(2 to 3 spores per sample). 

The greatest hazard to health in low-acid canned foods is presented by CI. 
botulinum, which, if not completely destroyed by the processing treatment, may 
elaborate a deadly toxin in the subsequent storage of the , oduct. To test the 
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activity of subtilin against this organism, raw whole milk was inoculated with 
viable spores, treated with subtilin and stored in small cans (150-ml. capacity). 
The technic was similar to that described in experiment 1. Table 3 shows the 
results obtained at different levels of subtilin and spore concentration. It is clear 


TABLE 2 


The preservation of milk by subtilin (20 ppm.) and heat (100° C.—10 min.) as influenced by 
concentration of spores 


After storage» for 3 mo. 

Viable spores/ml. in Spores, heat 
milk bedave heating Spores only Spores and heat pe subtilin 
28,000,000 +4e +4 + 5 
2,800,000 +4 +4 + 9 
280,000 +4 +4 +15 

28,000 +4 +4 +15 
2,800 +4 +4 - 
280 +4 +4 
28 +4 +9 - 
2.8 +4 +4 - 
0.28 +4 —4d 


a B. subtilis (9499) 

» Storage temp., 30° C. 

¢+=spoilage and day in storage it occurred. 

d—=no change. 
that this, the most significant of all spoilage species, is not effectively controiled 
by subtilin, even in high concentration. One hundred ppm. of the antibiotic, in 
combination with mild heating, were insufficient to prevent spoilage when the 
spore inoculation was relatively high. With much fewer spores the samples did 
not spoil with 40 ppm. of subtilin; however, in all the unspoiled samples which 


TABLE 3 


The influence of subtilin and heata upon the preservation» of canned whole milk artificially 
inoculated with spores of Clostridium botulinum (624) 


Viable Cl. botulinum Subtilin (ppm.) in milk before heating 


spores/ml. in milk 
before heating 


40 80 100 


1,120,000 
120,000 


100° C.—10 min. 

b Storage period, 5 mo. at 30° C. 

¢+= typical Cl. botulinum spoilage, including coagulation and peptonization. 

4—=no change. 
initially received 1,000 or more spores per milliliter, viable spores could be dem- 
onstrated after 5 or 6 mo. of storage; thus, the low-spore samples, which showed 
no change within 5 mo. are potentially subject to spoilage and toxin formation 
at a later period. The samples receiving minimal inoculatica and 100 ppm. of 
subtilin and heat were practically all spoiled after 15-mo. storage. 
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In the last experiment, the preserving action of subtilin and mild heat was 
observed in uninoculated whole and evaporated milk. The milk was treated and 
stored in small cans according to the method previously described. The evap- 
orated milk contained 26 per cent solids and was homogenized at 2,500 lb. per in.* 
prior to canning and treatment. The aerobic plate count of the unconcentrated 
milk before treatment, after heating at 85° C. for 15 min., varied from 1 to 410 
per milliliter (spores) ; similarly, in the evaporated milk, the count ranged from 
260 to 2,400 per milliliter (spores). 

Table 4 shows some results obtained with subtilin-processed uninoculated 


TABLE 4 


Influence of subtilin and heat upon the preservation of canned uninoculated normai and 
evaporated milksa 


Whoie milk Evaporated milk 
sit Heat After storage After storage 
Subtilin treatment No. of for 5-8 mo. No. of for 6 mo. 
expts. expts. 
good bad good bad 
‘(ppm.) (%) (%) (%) (%) 
0 100° C.—10 min. 14 0 100 6 0 100 
20 a ss 88 12 6 9 91 
40 hs 6 91 9 6 18 82 
0 100 ° C.—20 min. 2 50 50 2 0 100 


a Milk stored in sealed cans (100 ml./ean) ; incubation temp., 30° C. 


whole and evaporated milk. Most of the whole milk samples remained bacterio- 
logically unchanged for 5 to 8 mo.; these samples contained very few heat-re- 
sistant spores, usually less than 30 per milliliter. When some of the whole milk 
was divided and a portion processed after passing over a cooler and through the 
homogenizer, most of the samples spoiled, owing to the resulting small build-up 
in the resistant spore population of the samples. Some tests were carried out 
below 100° C. down to that of pasteurization; most of the latter underwent 
spoilage of mold origin or non-bacterial enzyme digestion. Subtilin processing 
was singularly ineffective in preserving uninoculated evaporated milk even with 
high concentrations of the antibiotic. This is due, in part, to the increased spore 
eontent of the milk derived from the plant equipment (cooler, vacuum pan, 
homogenizer, ete.) and, in part, to the effect of increased milk solids per se, some 
constituents of which apparently have a neutralizing effect upon the subtilin. 
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DISCUSSION 


The foregoing observations show that subtilin-heat treatment, as described by 
Anderson and Michener, is not an effective method for preserving normally pro- 
duced whole or concentrated milk. Results reveal that the process does not con- 
trol significant spoilage-inducing species at high subtilin levels, and the treat- 
ment fails to control the growth of the widely disseminated Cl. botulinum, the 
most dangerous of all food poisoning organisms. For these reasons, subtilin 
processing cannot be safely used for the preservation of milk for human con- 
sumption. Fluid whole milk, if carefully protected from significant spore con- 
tamination, usually can be preserved without bacteriological change for long 
periods by the subtilin-heat process. Within this limitation, it provides a useful 
method for the study of physico-chemical changes incident to long storage, the 
advantage of the method deriving from the fact that the treatment produces little 
apparent alteration in the properties of the milk. 

Bacterial species differ in their susceptibility to the combined action of sub- 
tilin and heat and in accord with usual experience the effectiveness of a given 
treatment is correlated with the spore load. For this reason relatively heavy 
spore inocula must be employed in the evaluation of sterilizing processes, since 
it is not only the normal but the unusual or extreme conditions of general prac- 
tice which must be insured against. 

The initial subtilin-heat treatment greatly reduces the number of spores 
that can be demonstrated by the usual methods of subcultivation and their 
number in the absence of germination decreases with prolonged storage; the 
fact that many spores survive late in storage, yet within this period fail to ger- 
minate, suggests that subtilin retains some of its sporostatie activity for a long 
time. 

Before this study was completed additional reports appeared in the literature 
dealing with the use of subtilia in food materials other than milk, Cameron (6), 
Oleott (10), Adams et al. (1), Williams and Campbell (11) and Cameron (7) ; 
these including Oleott’s report on further observations of Anderson and Michener 
are in essential agreement with those reported in this paper. 


SUMMARY 


Normal and concentrated milks, with and without artificially added resistant 
bacterial spores, were processed with subtilin and heat at 100° C. for 10 min. and 
observed for spoilage over a period of 5 to 8 mo. Spoilage occurred consistently 
in milk inoculated with commercially important organisms, including Cl. botu- 
linum, at relatively high subtilin levels. The preserving efficiency of the subtilin- 
heat treatment was correlated with the spore load and the degree of concentration 
(per cent of milk solids). It is concluded that the subtilin-heat process is not 
a safe or effective method for preserving normally produced whole or concen- 
trated milk. 
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ANTIRACHITIC ACTIVITY OF SOME DEHYDRATED ALFALFA HAYS 
AND THE EFFECT OF ADDING LIMESTONE TO THE GRAIN 
RATION ON THE DEVELOPMENT OF RICKETS IN CALVES 


J. W. THOMAS 
Bureau of Dairy Industry, Agricultural Research Administration, U. 8S. D. A. 


There has been a large increase in the production and feeding of alfalfa and 
grasses cured with little or no exposure to the vitamin D-activating rays of the 
sun, and various commercially dehydrated alfalfa products also are now being 
sold widely for animal feeds. Some of these crops, especially the dehydrated 
alfalfa products, are cut at a very immature stage. 

It seems desirable, therefore, to know the antirachitic properties of such feeds 
when they are used as the only source of vitamin D for young calves. 

Studies already have been reported by the Bureau of Dairy Industry which 
showed that alfalfa, which was barn-dried immediately after cutting, and alfalfa 
silage protected calves against the development of rickets (16) and that barn- 
dried alfalfa-hay and wilted alfalfa silage cured rickets in calves (12). Other 
investigators have shown that corn silage cured rickets in calves (5). The vita- 
min D activity, or antirachitic activity, of an alfalfa crop as it stands in the 
field was shown to vary with the stage of maturity (16). 

In these previous studies (12, 16) the grain mixture contained 2 per cent 
ground limestone. Some investigators have reported that additions of minerals 
or caleium aid in the cure or prevention of rachitic symptoms (2, 6, 9, 10, 13), 
while other investigators have observed little or no beneficial effect (3, 8, 18). 
Therefore, it seemed desirable to determine whether additions of limestone to 
the grain ration would modify the antirachitie effect of the dehydrated forages 
used in the investigation reported here. 


EXPERIMENTAL 


Three different dehydrated hays were used. They were: (a) a third cutting 
of alfalfa grown at Beltsville, Md., in 1948, and dehydrated in a portable, pneu- 
matic, double-pass dehydrator; (b) a commercially dried and pelleted alfalfa 
produced in 1948; and (c) asimilar product produced in 1949. Samples of each 
were composited as fed for determination of its vitamin D content by the rat 
curative line test procedure (17) and for calcium and phosphorus analysis. The 
calcium content was 1.192, 1.464 and 1.294 per cent and the phosphorus content 
was 0.334, 0.29 and 0.284 per cent, respectively, for the three hays on the dry 
matter basis. 

The grain mixture used has been given previously (16) and in this experiment 
it contained 0, 2 or 4 per cent of ground limestone. The average values for the 
three grain mixtures were 0.236, 0.901 and 1.566 per cent calcium and 0.822, 0.793 
and 0.775 per cent phosphorus of the dry matter, respectively. These values 
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and average published values for dried beet pulp and milk were used in calculat- 
ing the calcium and phosphorus intakes of the calves as given in table 3. 

Six groups of calves were used in this work. The calves in groups 1 to 4, in- 
elusive, received dried beet pulp as their only roughage. Those in groups 1 and 
2 were negative controls with 0 and 4 per cent limestone in their grain mixture, 
respectively, receiving no vitamin D. Those in groups 3 and 4, positive controls, 
received vitamin D as viosterol at 3,000 I.U. per hundredweight or ten times the 
minimum requirement (3) and no limestone in their grain mixture. For com- 
parative purposes, group 3 was slaughtered at the same age as the negative con- 
trol calves, and group 4 was slaughtered at the same age (240 days) as those in 
the alfalfa groups. Calves in group 5 received the hay grown and dehydrated 
at Beltsville, and calves in group 6 received the commercially dehydrated and 
pelleted alfalfa. Since the results on the calves fed the two pelleted commercial 
products generally were indistinguishable, and because of the small numbers, the 
calves fed these two products have been considered as one group. Some calves 
in each of the two hay groups received 0, 2 and 4 per cent limestone in their grain 
mixture. These were designated as sub-groups A, B and C, respectively, in 
groups 5 and 6. 

Calves were fed the hays beginning at 10 days of age. Roughage intake, hay 
or dried beet pulp, was limited to 1.5 lb. per hundredweight when this rate of 
intake was reached. Very young calves did not eat the pellets satisfactorily 
unless they were partially broken uv by putting them through a hammer mill 
with the screens removed. The calves were Jersey and Holstein males and always 
were kept in a darkened barn. Further details of care, procedure and methods 
used have been mentioned previously (16). 

Periodic X-ray negatives of the radius and ulna, periodic calcium, inorgani¢ 
phosphorus and phosphatase values of the blood, terminal bone ash content and 
the appearance of visible and clinical rachitic symptoms by procedures previously 
deseribed (12, 15, 16) were used to estimate the antirachitie effects of the rations 
used in this experiment. 


RESULTS AND DISCUSSION 


Antirachitic value of dehydrated hays for calves. Growth rates of all calves 
were comparable until they were about 60 days of age (table 1). After this time, 
the rate of gain of the negative control calves (groups 1 and 2) decreased. Vis- 
ible signs of rickets began to appear in these calves between 70 and 90 days of 
age, which is similar to previous observations (16). These animals were slaugh- 
tered when movement became limited and before serious anorexia developed. 
Average daily gain, during the experiment, of the negative control calves was 
significantly below (P < 0.01) that of any other group. The body weight gains 
of calves fed alfalfa grown and dehydrated at Beltsville (group 5-A, B and C), 
the commercially dehydrated and pelleted alfalfa (group 6-A, B and C), and 
those fed viosterol in group 4 were practically identical (table 1). 

The average calcium, phosphorus and phosphatase values found in the blood of 
calves on various dehydrated hays compared to positive and negative control 
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calves are shown by monthly intervals in figure 1. This figure also includes data 
from a past experiment which is described later. Ten calves receiving the com- 
mercially dehydrated and pelleted alfalfa (group 6) had lower plasma inorganic 
phosphorus and calcium levels and higher phosphatase values than calves in the 
other hay groups after the first 3 mo. on the experimental diets. Eight calves 
fed the 1948 Beltsville dehydrated alfalfa (group 5) and 11 calves fed field-cured 
and barn-dried hays and silage that protected them from all rachitic symptoms 
in a previous experiment (16), were very near the same in the three blood con- 
stituents, as shown in figure 1. They both compare favorably with the positive 
control calves fed beet pulp and viosterol. 


TABLE 1 


Data on the feeds fed to the 6 groups of calves and average values (with their standard devia- 
tions) for the criteria used to evaluate the extent of rickets in the calves 


Group no. 1 2 3 4 5AB&C 6ABEC 
7 4 3 3 8 10 
Roughage Dried beet Dried beet Dried beetDried beet Dehyd. Dehyd. 
pulp pulp * pulp pulp alfalfa pellets 
Source of vitamin D. ................ none none viosterol viosterol ei ig 
Limestone in grain (%)) ........ 0 4 0 0 0-2 & 4 0-2 & 4 
Age at slaughter (d.) ........... 140 148 142 230 235 240 
+11 +20 +13 +24 +7 +5 
Av. daily gain (lb./day) 
0-60 d. 78 0.67 0.78 0.81 0.83 0.81 
+0.24 +0.02 +0.20 +0.23 +0.23 +0.20 
Birth to slaughter ...................... 0.79 0.74 1.18 1.30 1.34 1.32 
+0.16 +0.41 +0.16 +0.24 +0.19 
Birth weight (1b.) 62 62 68 71 66 
Grain consumed (Ib.) 165 214 547 646 610 
Roughage consumed (ID.) ....... 137 148 159 497 603 648 
Skimmilk consumed (Ib.) ...... 1004 1032 933 1091 1127 967 
Kidney size 
(% of body weight) .......... 0.507 0.575 0.382 0.333 0.342 0.386 
+.08 +08 +06 +.08 +.03 +.04 
-32.66 34.73 50.50 51.63 51.63 46.10 
+4.1 +2.2 +0.7 +1.8 +3.2 +2.2 
Terminal ulnar epiphyseal 
cartilage width (mm.) ........ 7.8 5.8 2.2 0.5 0.7 1.3 
+2.8 +1.9 +0.6 +0.7 +0.4 +0.7 
Rate of closure of cartilage 
—0.014 0.0 +0.043 +0.025 +0.030 +0.024 
+.02 +.04 +.007 +.004 +.004 +.003 


The values shown in figure 1 are for a total of ten positive control calves from 
group 3 and group 4 of this experiment combined with the positive control group 
from the previous experiment (16). The values for the positive control calves 
(fig. 1) thus are a composite of two experiments carried out under identical con- 
ditions and should prove useful as a comparison or guide for values found under 
other conditions. Similarly, the values shown in figure 1 for 14 negative control 
calves are an average of groups 1 and 2 of this experiment and the negative con- 
trols of the former experiment (16). 

Average plasma calcium values from the 180th to the 240th day of age for the 
calves receiving the dehydrated-pelleted alfalfa were lower than for any of the 
other normal groups shown. The differences were highly significant (P > 0.01). 


1110 J. W. THOMAS 


Average plasma inorganic phosphorus values for this period were highest for 
those 11 calves fed the various hays in the previous experiment. They were sig- 
nificantly higher (P = 0.05) than for the calves in either of the hay groups (5 or 
6) of this experiment, but none of the hay groups was significantly different from 
the values for the positive control calves. For the same period, average serum 
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Fig. 1. Average plasma inorganic P, Ca and serum phosphatase concentrations at monthly 
intervals of calves receiving various alfalfa hays as their only source of vitamin D compared to 
positive and negative control calves. See text for further details. 


phosphatase values of calves receiving the dehydrated-pelleted alfalfa were in- 
creased above the value for the calves fed either of the Beltsville hays (figure 1). 
The differences were highly significant (P < 0.01). They were significantly 
higher (P = 0.05) than the values for the positive control group. 

The average values at 60 to 120 days of age for the negative control calves 
were significantly different (P < 0.01) from the values for any of the other four 
groups shown in figure 1. At this time the calves fed pellets also were lower in 
plasma calcium concentration than either of the other hay groups or the positive 
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contro! group (P < 0.01 or < 0.05). The positive control group was higher in 
plasma calcium and phosphorus at this age interval than those in the two groups 
fed alfalfa grown and processed at Beltsville, and in some comparisons this dif- 
ference was significant, although the importance of it is not evident. 

The data on these blood constituents indicated that the calves receiving the 
commercially dehydrated-pelleted alfalfa as their only source of vitamin D had 
some degree of clinical rickets during the last half of this experiment. 

The average rib-end ash content given in table 1 for the calves receiving the 
dehydrated-pelleted alfalfa was significantly lower (P< 0.01) when the ash 
centent found for calves in any of groups 3, 4 and 5 of this experiment and those 
considered normal. in a previous experiment (16). The bone ash of rachitic 
calves (group 1 plus group 2) was significantly below (P < 0.01) that of any of 
the other groups. 

The average ulnar epiphyseal cartilage width (15) at slaughter time of the 
calves fed the dehydrated-pelleted alfalfa (group 6) was wider than that of 
groups 4 or 5 (table 1). Individual variation was large and the differences were 
not statistically significant. The width of the ulnar epiphyseal cartilage of nega- 
tive control calves at slaughter was significantly wider (P < 0.01) than that of 
calves in any other group at about 140 days of age. 

The rate of epiphyseal cartilage closure to slaughter time (15) of calves re- 
ceiving dehydrated-pelleted alfalfa was significantly less (P < 0.02) than that 
of normal calves. The negative control calves on an average had a negative rate 
of closure, and this was significantly different (P < 0.01) from any of the other 
groups at the same age (table 1). 

The size of the kidney expressed as a percentage of the body was larger for 
the calves receiving the dehydrated-pelleted alfalfa than for the calves in groups 
3,4 or 5 (table 1). This difference was statistically significant (P = 0.05). The 
negative control calves in this experiment (groups 1 and 2) and rachitic calves 
in the previous experiment (16) had enlarged kidneys. This difference in kid- 
ney size between negative controls and any other group was highly significant 
(P< 0.01). 

At slaughter time most of the calves receiving dehydrated-pelleted alfalfa 
had bones that were easier to cut with a knife and to saw through than were the 
bones of the calves in groups 3, 4 or 5. Some of these calves in group 6 also had 
some degree of enlargement of the rib-ends. Visible symptoms of rickets were 
noticed in some calves receiving the commercially dehydrated-pelleted product 
with no limestone in their grain ration, while calves receiving the same hays but 
with limestone added to their grain ration showed no visible symptoms of rickets. 

Calves in groups 1 and 2 had soft bones at slaughter time and showed all the 
visible symptoms of rickets and the post-mortem findings indicative of rickets 
that have been mentioned previously (3, 4, 5, 10, 16). 

These data indicate that visible signs of rickets, such as stiffness, bowing of 
front legs, rib-end enlargement and straightness of the pasterns may appear in 
calves fed commercially dehydrated-pelleted alfalfa as their only source of 
vitamin D. Clinical symptoms such as increased serum phosphatase, decreased 
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serum calcium, delayed epiphyseal closure and reduced bone ash values may 
occur more frequently. These observations suggest that under these conditions 
early cut-dehydrated alfalfa contains insufficient vitamin D to meet the needs of 
growing dairy calves. On the other hand and in confirmation of previous find- 
ings (16), dehydrated hay cut at the hay stage and grown at Beltsville may pre- 
vent both visible and clinical rachitic symptoms from developing when fed to 
calves at 1.5 lb. per hundredweight. 

Effect of varying the calcium content of the grain ration. In order to see if 
the amount of calcium in the ration affected the response of the ca)~es under the 
conditions of this experiment, those calves receiving no limestone, groups 5-A 


TABLE 2 


Effect of adding limestone to the grain mixture on the various criteria used to evaluate rickets 
in rachitic and non-rachitic calves and those receiving dehydrated alfalfa 


Calves fed dehydrated Negative Positive 
alfalfa with control calves control calves 
No 2 or 4% No 4% No 2% 
lime- lime- lime- lime- lime- _ limestone 
stone stone stone stone stone in grain 
in in in in in plus 
grain grain grain grain grain minerals 
Group no. 5-A,6-A 5-B, 5-C 1 2 4 (16)> 
6-B, 6-C 
Ay: bone: ask (%) 46.0 50.3 32.7 34.7 51.6 53.2 
Ulnar epiphyseal cartilage __ 

1.46 0.84 7.8 5.8 0.50 0.64 
Av. plasma Ca (Mg. %)® «ccc 9.21 10.33 7.02 8.66 11.17 11.02 
Av. serum phosphatase (Bodan- 

SKY MUL) 11.5 9.2 18.0 17.4 8.8 9.4 
Kidney weight (% of body 

weight) 0.375 0.363 0.507 0.575 0.333 0.312 
Visible evidence of rickets ........... only in 

group 
6-A none yes yes none none 


Post-mortem evidence of rickets only in 
group some in 
6-A group 6 yes yes none none 


a Av. during 2-mo. period preceding slaughter. 
» Positive control group no. 5 from previous experiment. (See J. Dairy Sci., 34: 920. 
1951.) 


and 6-A, were compared to calves receiving limestone in the grain, groups 5-B, 
5-C, 6-B and 6-C. Average data on this comparison and for negative and posi- 
tive control calves not receiving and receiving added limestone are shown in 
table 2. 

The addition of limestone to the ration of positive and negative control calves 
produced small but statistically insignificant changes with the criteria used to 
evaluate rickets in calves. In the negative control calves, the average values for 
bone ash, plasma calcium concentration and ulnar epiphyseal cartilage width 
and its rate of closure showed a slight alleviation of the rachitic condition in the 
calves receiving the limestone. This slight effect was caused by a two-fold dif- 
ference in calcium intake and Ca: P ratio (table 3). 
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The rapid development of severe rickets in negative control calves at about 
4 mo. of age may have been due partly to the removal of milk from the diet at 
this age. This caused a reduction in calcium and phosphorus intakes in both 
positive and negative control calves. The intakes by monthly ages are given in 
table 3. 

The positive control calves receiving the extra limestone and bone meal (16) 
had a slightly higher bone ash content than those without added minerals (table 
2), but the difference was not statistically significant. Other criteria used to 
evaluate rickets showed no differences between those two positive control groups, 
yet they had about a two-fold difference in calcium intakes and Ca: P ratio. 


TABLE 3 
Average calcium and phosphorus intakes by monthly ages (mg./lb. body weight/day) 
d. Lime- 
Age (d.) stone 


Group 
11-30 31-60 61-90 91-120 121-159 151-180 181-210 211-240 grain 


0 
58 56 55 0 
85 80 75 0 
89 81 79 2 
79 75 73 4 

0.9 0.9 0.9. 

1.3 1.4 1.4 

1.7 1.8 1.9 

2.7 2.7 2.7 


The calves that received the various dehydrated alfalfas with extra limestone 
in their grain showed, on an average, increased values for bone ash, plasma cal- 
cium and decreased values for serum phosphatase, ulnar epiphyseal cartilage 
width and kidney size compe~ed to calves not receiving limestone. The difference 
in bone ash was significant (P = 0.04). Because of the variation caused by the 
dehydrated hays, the other average differences due to level of caleium intake 
were not statistically significant by the ¢ test (14). 

The addition of 2 and 4 per cent limestone to the grain fed caused about a 
130 and 190 per cent increase, respectively, in both calcium intake and Ca: P 
ratio. Under certain conditions other investigators have found an increased 


Calcium 
(%) 

oY are 87 94 68 55 54 52 48 0 . 
5-A &6-A...... 76 122 135 116 109 112 108 108 0 
5-B & 6-B....... 88 139 160 147 157 154 145 146 2 
5-C & 6-C......... 109 193 212 214 217 210 201 195 4 

Phosphorus 
94 86 67 55 
88 88 61 55 
a 91 93 72 64 
5-A & 6-A....... 67 104 111 95 88 
5-B & 6-B....... 70 103 109 93 92 
5-C & 6-C....... 66 100 104 91 84 

Calcium: Phosphorus ratio 
1.8 1.8 2.1 2.4 
1.0 1.0 1.0 0.9 
5-A & 6-A ..... 1.1 1.2 1.2 1.2 1.2 
5-B & 6-B ..... 1.3 1.4 1.5 1.6 1.7 
5-C & 6C ..... 1.7 1.9 2.0 2.3 2.6 
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calcium intake to have some beneficial action on the alleviation of the rachitie con- 
dition (2, 6, 9, 10, 13). 

It is evident that the effect produced by adding 4 per cent limestone to the 
grain mixture, thus doubling the calcium intake of the basal ration, was small 
compared te the effect of substituting for the dried beet pulp alfalfa that had 
been cured by any of the methods studied. When the vitamin D intake was in- 
adequate, as in group 6 (or group 2), then the addition of limestone had only a 
small alleviating effect on the development of clinical rickets and bone ash values. 
When the vitamin D intake was minimal as in group 5, the addition of limestone 
to the grain mixture increased (P = 0.03) the ash content of the bone. However, 
when the vitamin D intake was adequate, as in the positive control groups, the 
added bone meal and limestone had little, if any, effect. Thus, the alleviating 
effect of added calcium intake on ash content of the bone was influenced by the 
vitamin D content of the diet being more pronounced when the vitamin D intake 
was near requirement. This effect was not statistically significant, although it 
was observed at both higher and lower vitamin D intake levels. 


TABLE 4 


Vitamin D content of hays used and the amount of vitamin D they supplied to calves when fed 
at the rate of 1.5 lb./ cwt. 


Vitamin D Vitamin D Presence 
Group no. Source of hay prensa intake of 
of calves rickets 
(1.0./lb.) (1.0./ewt.) 
5 Beltsville, dehydrated, 1948 .....W....... 101 150 None 
6 Commercial, dehydrated-pelleted, 1948 56 84 Yes 
6 Commercial, dehydrated-pelleted, 1949 < 40 60 Yes 


The vitamin D intake and requirement of calves. The vitamin D content of 
the hays was determined by the rat-curative line test procedure (16, 17) and the 
results are presented in table 4. The Beltsville product contained about twice 
as much vitamin D as did the commercially dehydrated-pelleted products. How- 
ever, this Beltsville product contained straw, weeds and grass as foreign material. 

Samples of two other similar Beltsville products, but free of foreign material, 
contained 60 and 96 I.U. per pound. The amount of foreign material in the 
alfalfa probably may be another factor affecting the vitamin D potency of the 
hay crops in addition to the stage of maturity (12, 16). 

The calves were fed the dehydrated alfalfa hays at the rate of 1.5 lb. per 
hundredweight, and this figure then was used in calculating their vitamin D 
intake, which is given in table 4. The calves on the lower intakes (group 6) 
showed signs of clinical rickets and some showed visible symptoms. Those re- 
ceiving 150 L.U. per 100 lb. (group 5) were adequately protected from developing 
rickets, provided that the grain contained added limestone. Previously, we had 
observed that calves receiving 144 I.U. per 100 lb. showed slight clinical signs 
of rickets, while calves receiving 200 I.U. per 100 lb. were free from all rachitic 
symptoms (16). Apparently the absolute minimum vitamin D requirement for 
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young growing calves is about 150 I.U. per 100 lb. w!.en supplied in the form of 
alfalfa hay. For comparison, the minimum vitamin D requirement for young 
calves was determined to be about 300 I.U. per 100 lb. when supplied as viosterol 
in addition to a basal ration (3), and 350 I.U. was adequate when the source was 
milk (11). The minimum vitamin D requirement of young sheep was found to 
be 180 to 200 I.U. per 100 lb. (1, 7). Our data with calves and that of Bechtel 
et al. (5) indicate that 150 to 200 I.U. per 100 lb. in the form of alfalfa or corn 
silage is adequate for young calves. 


SUMMARY 


The antirachitic potency of three dehydrated alfalfas has been studied with 
young dairy calves where the hay supplied the only source of the vitamin. The 
hay was fed to the calves at the rate of 1.5 lb. per hundredweight. 

Data on blood levels of calcium, inorganic phosphorus and phosphatace, ulna 
epiphyseal cartilage width obtained by periodic x-ray examinations, rate of 
growth, terminal rib ash content and the appearance of visible and post mortem 
signs of rickets were used to evaluate the rachitic condition of all calves in the 
experiment. 

One dehydrated hay supplying the calf with about 150 I.U. of vitamin D per 
100 lb. of body weight was adequate when the grain ration contained added 
limestone, while one hay supplying 84 I.U. per 100 lb. body weight did not pre- 
vent the development of clinical rickets. The other hay provided less than 64 
I.U. per 100 lb. and allowed visible and clinical rachitie symptoms tc develop. 
Apparently, alfalfa cut at an early stage of maturity and then dehydrated prob- 
ably will not itself supply a sufficient amount of vitamin D to prevent rickets in 
young calves. 

By comparing 0 and 4 per cent limestone in the grain mixture, which about 
doubled the calcium intake, it was shown that added calcium had a definite but 
limited alleviating action on the development of rachitic conditions in calves. 
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THE VALUE OF OXYTOCIN FOR REDUCING FLUCTUATIONS IN 
MILK AND FAT YIELD* 


H. P. ADAMS2 N. N. ALLEN? 


There is considerable daily variation in milk and fat production of dairy cows, 
even when as many as possible of the known causes are eliminated. This variation 
complicates the interpretation of experimental observations when the results are 
measured in milk yield or fat percentage. A factor which may contribute sub- 
stantially to this variability is incomplete removal of the milk from the udder (3). 

-Oxytocin, a hormone elaborated in the posterior pituitary, has been shown to 
effect a uniformly complete let-down of milk, even under adverse conditions 
(1, 2, 4, 5, 6). 

The objective of this work was to determine the value of oxytocin for reducing 
daily variations in milk and fat production, when administered routinely at milk- 
ing time to insure a uniformly complete milk-out. The work was carried out in 
two experiments. In experiment I, the effect of oxytocin upon daily fluctuations 
was studied under uniform feeding and environment. In experiment II, the 
effect of high fat intake upon milk and butterfat production was studied, first 
under a good milking routine; then under a similar routine, but with oxytocin 
administered at milking time to insure a complete milk-out. 

Eight cows, including one Holstein, three Jerseys and four Guernseys, were 
used throughout both experiments. The milking routine followed was essen- 
tially that outlined by Petersen (7). The milk was weighed and tested by indi- 
vidual milkings, but the results were analyzed on a daily basis. 


Experiment I. The Effect of Oxytocin on Daily Variations under Uniform 
Feeding and Milking Routine. 


The intravenous injection of oxytocin has been shown to reduce the daily 
fluctuations in milk and fat in the case of cows known to ‘‘hold up’’ their milk 
(6). This experiment was carried out to determine whether oxytocin will re- 
duce daily fluctuations in normal dairy cows which are milked by a good routine 
system. By reducing these fluctuations, oxytocin might be a valuable aid in com- 
paring the effect of rations, environments, or treatments on production. 

This experiment was designed as a reversal with two 10-day periods separated 
by a 2-day transition period. The eight cows were divided into two groups. 
Four cows received oxytocin during the first period, the other four during the 
second. One ml. of a preparation supplying 10 I.U. of oxytocin was injected 
into the jugular vein about 1 min. prior to the start of milking. 
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RESULTS 


The daily milk and fat production and fat test were analyzed by Snedecor’s 
‘*homogeneity of variance’’ method (8) to determine whether oxytocin reduced 
the daily variation. The variation in milk yield was not reduced significantly in 
any of the eight cows. In fact, the daily variation was larger in four of eight 
eases when oxytocin was used. The daily variations in fat test and in fat yield 
were each reduced significantly in one of eight cases when oxytocin was used, and 
these reductions did not occur in the same animal. Three cows showed more 
variation in fat yield and two showed more variation in fat test when oxytocin 
was used. 

These results indicate that oxytocin does not reduce significantly the daily 
variation in milk or fat yield or in fat test when the milking routine used induces 
a satisfactory natural let-down. 


TABLE 1 


Average daily milk and fat yield and average fat test of 8 cows over two 10-d. periods with and 
without oxytocin 


Without oxytocin With oxytocin 
Cow 
Milk 8 Fat s Fat 8 Milk s Fat > Fat 8 
(1b.) (1b.) (%) (1b.) (1b.) (%) 


397 26.4 1.78 0.89 0.06 340 0.17 26.9 1.26 0.90 0.04 3.32 0.10 
B63 4935.1 2.01 142 0.09 404 0.51 38.5 3.25 155 0.17 4.04 0.57 
B57 =4931.0 3.93 1.62 0.34 5.24 1.08 35.7 2.65 1.73 0.25 483 0.42 
B58 384 3.21 1.51 0.20 3.93 0.34 425 2.29 1.69 0.06 3.97 0.17 
588 12.2 1.02 057 0.06 4.66 0.42 16.7 1.75 0.76 O11 452 0.37 
543 15.0 112 086 1.0 5.75 0.45 20.2 1.01 1.13 0.09 556 0.33 
575 27.0 1.10 1.20 0.05 444 0.14 31.2 1.14 1.29 0.08 4.14 0.24 
705 20.2 2.95 1.20 0.33 5.95 1.20 19.5 3.37 1.23 0.17 6.31 0.52 


Av. 25.7 1.16 4.68 28.9 1,28 4.59 


The data also were analyzed to determine whether oxytocin affected total 
milk, total fat or fat test over a 10-day period. Both total milk and total fat 
were increased significantly at the 1 per cent level when oxytocin was used 
(table 1). In all cases the total fat was increased, and in all cases except one 
the total milk was increased. The fat test was increased by oxytocin in two cases, 
decreased in five and remained unchanged in one. The average of all changes 
in test was too slight to be significant. 


Experiment II. The Value of Oxytocin in Measuring the Effect of Level 
of Fat Intake. 


It has been reported in previous literature that small amounts of fat added 
to the diets of dairy cattle increase the fat yield and fat test. This work was 
carried out to determine whether the use of oxytocin to seeure a more uniformly 
complete milk-out might make the effects more clearly measurable by reducing 
daily fluctuations. This added sensitivity would make it possible to measure 
more accurately the effect of small differences in fat intake. 
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The experiment consisted of two reversal trials, each including two 10-day 
periods with a 2-day transition period. In the first trial, the effect of a differ- 
ence in fat intake on fat yield and fat test was studied, milking the cows without 
oxytocin. During the second trial, immediately following the first, with the 
same group of cows, a similar comparison was made, using oxytocin. The fat 
content of the basic concentrate ration was approximately 4.2 per cent. One lb. 
of a mixture of equal parts of lard and butterfat (from goats’ milk) was added 
to the basic daily grain ration to form the high-fat diet. The low-fat diet con- 
sisted of the basic grain ration plus 2.25 lb. of a mixture of equal parts of sugar 
and starch. This provided 2.25 lb. of carbohydrates to replace 1 Ib. of fat, mak- 


TABLE 2 
Average daily production of cows fed a low-fat vs. a high-fat diet, milked with and without 
oxytocin 
High fat Low fat 
Cow 
Milk Fat Fat Milk Fat Fat 
Ib. lb. % lb. lb. 

) (1b.) (%) (1b.) (1b.) (%) 
397 21.7 0.89 4.12 25.0 0.84 3.38 
B63 32.9 1.53 4.66 35.1 1.35 3.85 
B57 33.2 1.87 5.64 31.6 1.60 5.07 
B58 38.1 1.65 4.32 35.6 1.43 4.03 
588 10.8 0.56 5.13 9.3 0.45 4.81 
543 16.6 0.94 5.66 14.6 0.78 5.36 
575 23.9 1.12 4.68 24.4 1.03 4.21 
705 17.6 1.20 6.82 16.7 0.97 5.82 
Av. 24.3* 1.22** Sage** 24.0 1.06 4.57 

With oxytocin 
397 19.0 0.88 4.60 22.6 0.87 3.85 
B63 33.0 1.54 4.66 35.8 1.55 4.32 
B57 34.8 1.88 5.38 34.3 127 §.15 
B58 40.3 1.87 4.66 38.8 1.57 4.03 
588 10.2 0.55 5.34 8.8 0.46 5.16 
543 18.0 1.10 6.12 17.8 0.96 5.39 
575 26.6 1.29 4.85 25.7 1.20 4.66 
705 19.7 1.30 6.59 20.3 1.14 5.63 
Av. 25.2* 1.30*** 5.28** 25.5 1.19 4.77 


* No significant difference. 
** Significant difference at 1% level. 
*** Significant difference at 2% level. 
ing the two diets comparable on an energy basis, but giving a difference of 1 Ib. 
in the daily fat intake. When oxytocin was used in this experiment, 1 ml. of a 
preparation supplying 10 I.U. of oxytocin was injected about 1 min. prior to 
milking. 
RESULTS 


This experiment was analyzed to compare the effects of a high-fat and low-fat 
diet with and without oxytocin on total milk, total fat and average fat test. 
The totals for each cow are given in table 2. There was no significant difference 
in total milk between the two diets, either when oxytocin was used or when it was 
not used. There was a highly significant difference in total fat in favor of the 
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high-fat diet when no oxytocin was used. When oxytocin was used, the differ- 
ence was significant at the 2 per cent level in favor of the high fat diet. Highly 
significant differences in the fat test in favor of the high fat diet were obtained 
with or without oxytocin, the difference being slightly greater when oxytocin 
was not used. From the above results it can be concluded that the accuracy of 
measurement of the effect of differences in fat intake is not increased by use of 
oxytocin as compared to a good milking routine which provides a satisfactory 
natural let-down. 
SUMMARY 


An experiment was conducted to determine whether the daily variation in 
milk and fat yield and fat test may be reduced by administering oxytocin at 
milking time to insure a complete milk-out. It was found that oxytocin did not 
reduce this variation when good milking practices were employed. Use of oxy- 
tocin caused a highly significant increase in total milk and fat without a signifi- 
cant change in the fat test. 

In a second experiment, high- and low-fat diets were compared, first by nor- 
mal milking procedures and then using oxytocin as an aid to complete milking. 
The total milk yield was not affected by the high fat intake. There was a sig- 
nificant increase in fat yield and fat test in favor of the high-fat diet. This was 
shown as clearly without the use of oxytocin as when it was used. 
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THE EFFECT OF REMOVAL OF RESIDUAL MILK BY USE OF 
OXYTOCIN UPON THE YIELD AND FAT CONTENT 
OF SUBSEQUENT MILKINGS? 


H. P. ADAMS2 ann N. N. ALLENS 


In work reported by the authors (1), it was found that milk and fat yield 
were increased significantly by use of oxytocin to secure more nearly complete 
milking out of cows. Tile milk and fat were increased to a similar extent, how- 
ever, and the fat percentage was not altered significantly. 

In view of the known fact that last milk or strippings is higher in fat content, 
it is interesting that the increased milk production due to securing the residual 
milk by use of oxytocin should not be accompanied by a higher fat test. This 
investigation was carried out in an attempt to secure an explanation for this 
relationship. 

EXPERIMENTAL 


Six cows, including two Jerseys and four Guernseys, were divided into two 
groups. A reversal plan was employed using the following procedure. From 
the average production for 3 days immediately prior to the experimental period, 
the anticipated milk production for each cow for each milking was estimated. 
This anticipated production was divided by three. Using this figure as a guide, 
an attempt was made to remove the milk from the cows of group 1 in three ap- 
proximately equal successive portions. This was accomplished by milking into 
a machine suspended from scales. When the scale reading indicated that ap- 
proximately one-third of the milk was secured, the teat cup and cover assembly 
was shifted to an empty milker pail, after which the second and third portions 
were taken in a similar manner. The udder was milked out for the third portion 
as completely as good machine-stripping procedure permitted. The first two 
portions thus secured were practically equal, the third varying slightly according 
to total milk obtained, but closely approximating one-third of the total milking. 

The cows of group 2 were milked in a similar manner, except for the fact that 
1 ml. of a preparation supplying 10 I.U. of oxytocin was injected into the jugular 
vein immediately following the milking out of the third portion of milk. The 
machine then was put on the cow again and the additional milk resulting from 
the administration of oxytocin was removed. Thus, in this group three normally 
secured portions of milk were obtained, as well as a fourth portion not secured 
by the normal let-down stimulus. At the end of a 5-day period, the two groups 
were reversed for the second period of 5 days, in addition to a 1-day transition 
period. 

Each fraction of each individual milking was weighed and tested for butterfat. 
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RESULTS AND DISCUSSION 


In five of the six cows, the total daily milk production was increased, and in 
all cows the total fat was increased when oxytocin was used. In three cows the 
fat test was slightly higher and in the other three slightly lower when oxytocin 
was used. On the average, oxytocin increased daily milk production 1.34 lb. and 
the fat production 0.05 lb. per cow. The average test for all cows was slightly 
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Fie. 1. Milk and fat yield (5-d. totals) and average fat percentage of milk from suc- 
cessive portions of milkings of individual cows. N= Normal milking. Ox= Oxytocin admin: 
istered following normal milking. A, B and C=Successive normally removed portions. D= 
Additional milk secured after oxytocin administration. 


but not significantly lower when oxytocin was used. The actual average tests 
were 5.19 per cent with oxytocin and 5.27 per cent without oxytocin. 

The comparative amounts and fat content of these portions of milk are shown 
in fig. 1. In all cases except one, when oxytocin had been used at the previous 
milking, all of the three portions of milk obtained by normal milking tested lower 
than corresponding portions when not preceded by oxytocin milking. In this 
one case the first portion tested higher following the use of oxytocin (1.9 per cent 
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as compared to 1.7), but the second and third portions had a lower fat test. This 
cow was the one which gave less total milk when oxytocin was used. 

In all cases the residual or ‘‘oxytocin’’ milk tested higher than any other 
portion. The highest 5-day average of oxytocin milk for any cow was 10.5 per 
cent. This is considerably lower than was reported by Ely and Petersen (3) 
and by Dodd and Foot (2). However, this is the average of a series of oxytocin 
milkings, while their figures are based on single milkings, preceded by normal 
milkings. 

More total milk and fat were obtained when oxytocin was used, but the fat 
test was not changed significantly, even though the residual milk itself was of 
extremely high fat content. 

For the normal milking period, the three successive portions of milk averaged 
31.2, 32.4 and 36.4 per cent, respectively, of the total, which was reasonably close 
to the equal division desired. With the oxytocin milking, the averages were 27.4, 
28.1 and 24.0 per cent, respectively, for the normally removed portions, and the 
additional milk secured with oxytocin was 20.5 per cent of the total. Approxi- 
mately one-fifth of the milk present in the gland was not obtained by normal 
milking. However, the increased total milk secured by use of oxytocin was only 
about one-third of this amount, indicating that about two-thirds of this residual 
milk would have been secured at the following milking, had oxytocin not been 
used. 

The fat yields were 16.2, 29.9 and 53.9 per cent, respectively, for the three 
portions when milked without oxytocin. With oxytocin the normally secured 
portions were 14.0, 22.8 and 25.7 per cent, with 37.5 per cent of the total secured 
with oxytocin. The increased total fat was equivalent to only 14 per cent of the 
oxytocin fat, indicating that 86 per cent of the fat in the oxytocin milk which 
was not secured by the normal milking routine would have appeared in the next 
milking had the hormone not been used for its removal. This indicates that 
almost one-third of the total fat obtained by normal milking already was elab- 
orated in the gland at the time of the previous milking. This carry-over or de- 
layed ejection of residual fat apparently is a normal occurrence when cows are 
milked by the usual procedures. 

All three fractions of the normally obtained milk tested higher when oxytocin 
had not been used at the previous milking, but the difference was greatest in the 
third fraction. This indicates that some of the residual fat, if not removed by 
the use of oxytocin, is ejected in all three portions of the subsequent milking. 
It is residual only in the sense that it remains in the udder until the next milking, 
rather than being static in the alveoli. Some of it apparently is progressively 
washed into the duct system by the flow of freshly secreted milk as the udder 
fills up. This delayed ejection of the fat apparently is a normal occurrence 
under ordinary milking procedures. 


SUMMARY 


During 5-day control periods, using six cows, the milk was removed from tlie 
udders in three approximately equal portions and each portion was weighed and 
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tested. During experimental perieds of the same length, the cows were milked 
in a similar manner, but in addition the residual milk was obtained by injection 
of oxytocin. It was found that normally drawn milk tested higher in all three 
portions when oxytocin had not been used at the previous milking than the cor- 
responding portions when oxytocin had been used, indicating that the very high 
testing residual milk is secured with oxytocin at the expense of the fat content 
of the subsequent milking. This is interpreted as indicating that the residual 
milk is not static, but that most of it is secured under normal milking practices 
at the following milking. There is indication that a substantial part of the fat 
of milk secured under ordinary milking routine may regularly come from re- 
sidual milk which was present in the gland at the time of the previous milking. 


REFERENCES 


(1) Apams, H. P., anp Atuen, N. N. The Value of Oxytocin for Reducing Fluctuations in 
Milk and Fat Yield. J. Dairy Sci., 35: 817-820. 1952. 

(2) Dopp, F. H., anp Foot, A. 8. Residual Milk. Agriculture (Engl.), 55: 238-242. 1948. 

(3) Ety, F., AND PETERSEN, W. E. Factors Involving the Ejection of Milk. J. Dairy Sei., 
24: 211-223. 1941. 


| 
| 
| 


THE THERMAL BEHAVIOR OF MILK FAT IN RAPIDLY 
COOLED CREAM 


A. H. RISHOI 
esearch Department, Cherry-Burrell Corporation, Chicago, Illinois 


Recognition of the phenomenon of a temperature rise of cream that has been 
cooled rapidly following pasteurization is perhaps as old as the practice of tem- 
perature observation itself. This rise in temperature continues over a period of 
3 hr. or longer, but, characteristically, the greater part of it occurs during the 
first hour. It may vary from 1 to 3° C. or even higher, depending upon the fat 
content of the cream, rapidity of cooling and season of the year. This charac- 
teristic popularly and erroneously often has been ascribed to a slow attainment 
of temperature equilibrium between the fat globules and the plasma because of a 
low coefficient of heat transfer of the fat. 

The phenomenon was observed by Chevreul (2), who reported that milk fat 
cooled from 40 to 26.5° C. started to crystallize. As crystallization progressed, 
the temperature of the fat rose to 32° C. Horn and Osol (3) observed a similar 
behavior at about the same temperature range when cacao butter was cooled and 
held in a Dewar flask. Other investigators, among them Rahn (6) and Richard- 
son (7), reported observing a temperature rise when milk fat is cooled to a point 
at which erystallization takes place. These observations appear to have been 
restricted to fat in mass. 

Rishoi and Sharp (9, 10) noted two phenomena which parallel the rise in 
temperature of cooled cream: (a) an increase in apparent specific heat and (b) a 
shrinkage in volume of the fat when held at constant temperature in the range 
below 25° C. These characteristics, being: parallel in period of duration, tem- 
perature of occurrence and relative magnitude, logically might be conceived to 
be different manifestations of the same phenomenon, ?.e., crystal formation. 

Change of phase from liquid to solid usually is accompanied by the liberation 
of heat and a reduction in volume. A corollary of the evolution of heat during 
crystallization is the heat of fusion, but because of the lag in crystallization the 
curve of the liberation of heat during crystallization and the curve of the heat 
of fusion are not identical. 

This is a report of studies made to measure that part of the heat of solidifica- 
tion liberated per gram of fat in cream cooled rapidly to various temperatures in 
the 0 to 30° C. range. 

PROCEDURE 

Pint thermos bottles were used as containers. The thermometers used were 
calibrated in either 0.1 or 0.2° C. divisions and were checked against one certified 
by the U. S. Bureau of Standards. Estimates were made to the closest 0.05° C. 
The heat lost to or gained from the surroundings by the containers and their 
contents was found to be about 12 cal. per hour per degree centigrade difference. 

Received for publication July 27, 1951. 
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The heat required to raise the temperature of the container and thermometer 
stem was found to be 16 cal. per degree centigrade. In experiments in which 
calorie values are given, corrections have been made for heat gained from or lost 
to the surroundings for each time-temperature interval. 

In order to account for the heat liberated by milk fat at various temperatures 
commonly encountered in dairy practice, cream at about 30° C. was mixed with 
water or with a 20 per cent brine solution. The desired temperature of the mix- 
ture was approached by varying the quantity of cream and the temperature of 
the cooling medium used. When the temperature of the mixture at zero time 
was caleulated to be below 12° C., the 20 per cent salt brine solution was used for 
the cooling medium ; above that temperature water was used. The temperatures 
recorded for zero time are calculated; all others are observed values. The tem- 
perature of the mixture for zero time was calculated by the following formula: 


(Ww x Tw x Sw) + (‘We x Te x Se) + (Twx C) 

(Ww Sw) + (We Se) + 

In this expression X is the temperature of the water-cream or brine-cream 
mixture at zero time, Ww the weight of the water or brine solution used, T'w the 
temperature of the water or brine, Sw the specific heat of the water or brine, We 
the weight of the cream, Tc the temperature of the cream, Sc the specific heat of 
the cream and C the calories required to raise the temperature of the container 
and thermometer stem 1° C. The following values for specific heat have been 
used: milk fat, 0.475; skimmilk, 0.943; and 20 per cent sodium chloride, 0.807. 

In the case in which a brine solution was used as a cooling medium, a corree- 
tion was made for the heat of mixing of skimmilk and the brine. The heat of 
mixing was determined for 250 g. of a 20 per cent solution of brine and a variable 
quantity of skimmilk corresponding in general to the skimmilk content of the 
quantity of cream used. The values obtained were plotted, and the corrections 
for heat of mixing made on the basis of the skimmilk content of the cream used. 


x 


RESULTS 


In preliminary trials in which cream was cooled in an ice water bath, Rishoi 
(8) found that the heat liberated during crystallization was about 6 cal. per 
gram of fat. However, studies (9) relating to the specific heat of milk fat indi- 
eated that much higher values should be obtained. 

The data shown in table 1 are representative of results obtained using samples 
of winter cream obtained at the Sugar Creek Creamery, Danville, Ill., and at the 
Cass-Clay Cooperative Creamery, Moorhead, Minn. Values obtained on fat in 
summer cream were about 2 cal. per gram lower than those for winter cream at 
similar temperatures. ‘The iodine numbers of the winter fat were 28.00, 28.55 
and 28.24. 

While about 95 per cent of the heat liberated at equilibrium by rapidly cooled 
milk fat in cream at temperatures between about 0 and 30° C. was liberated within 
about 3 hr., it is interesting to note that at temperatures in the 0 to 12° C. range, 
50 per cent or more of the heat was liberated within a period of a few seconds. 
The rapid changes which occur in the fat of cream cooled to temperatures around 
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and below 30° C. emphasize the necessity for caution in interpreting data at those 
temperatures unless sufficient time has elapsed for equilibrium conditions to be 
established. 


TABLE 1 


Calories liberated per gram of fat in cream cooled rapidly from about 30° C. to various 
temperatures in the 0-—30° C. range 


Caleulated temperature 


far sora: timeé:................... . 0.08°C. 4,25° C. 11.75° C. 14.45° C. 17.45° C. 26.9° C.* 29.8° C.* 
First observed 
2.35 6.5 12.5 14.8 17.7 26.9 29.8 
Final equilibrium 
temperature ccc 4.08 7.85 14.45 15.95 18.5 28.1 29.8 
Lapsed time in minutes Calories Calories Calories Calories Calories Calories Calories 
0.25 10.2 9.3 4.3 2.2 1.3 0 0 
15 13.1 11.1 7.1 3.9 2.9 0.2 0 
30 . 142 13.3 10.0 6.8 5.0 1.2 0 
60 16.9 15.3 11.9 7.8 5.7 1.5 0 
16.3 13.9 8.2 5.9 1.6 0 
180 18.3 16.8 14.8 8.9 5.9 2.4 0 
240 18.9 17.2 15.1 9.7 5.9 2.7 
300 18.7 17.7 15.5 2.8 
360 18.7 18.1 15.1 10.4 2.8 
420 . 17.8 10.2 


% heat liberated at zero 
time compared with that 
at equilibrium. .................... 54.0 51.3 27.7 21.2 22.0 


Total heat liberated com- 
pared with that liberated 
ae 0" 100.0 95.7 82.0 55.0 31.0 12.5 0 


* Cooled in an ice water hath. 


DISCUSSION 


The temperature at which complete solidification of milk fat is attained ap- 
parently has not been reported. This is one reason why full knowledge of the 
thermal behavior of milk fat is lacking in the temperature range within which 
milk fat changes from liquid-to-solid or solid-to-liquid. In the absence of exact 
data on the heat of fusion and the heat of solidification, some value may perhaps 
be assigned to other data relating to the thermal behavior of milk fat, within the 
temperature ranges commonly encountered in the processing of dairy products. 

It was pointed out by Sommer (11) that milk fat may exist in a very large 
number of molecular combinations. A large number of these must contain un- 
saturated fatty acids which, in turn, as was shown by Oliver et al. (5), working 
with cottonseed oil, are associated with low heat of fusion when compared with 
fats more highly saturated. The nearest approach to determining the heat of 
fusion of milk fat to date appears to be the work of Jack and Brunner (4). 
They determined what they call ‘‘the heat of melting’’ of milk fat between — 10 
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and 60° C., and report a value of 19.5 cal. per gram. This value has been con- 
sidered as being ‘‘ probably a low value’’ by Bailey (1). A higher value, deter- 
mined experimentally, has not been reported. It is recognized that the values 
here reported represent neither the heat of fusion nor the heat of crystallization 
of milk fat, yet it may be pointed out that the heat liberated by milk fat in cream 
cooled rapidly from around 30° C. to about 0° C., 18.7 eal. per gram, is compar- 
able to that required to melt the fat in cream cooled to — 10° C., 19.5 cal. per gram. 

The heat of solidification liberated by milk fat and the time-temperature rela- 
tionships involved have certain practical aspects. In an operation of cooling 
cream containing 40 per cent fat from 65 to 5° C., the heat liberated by the fat 
represents about 14 per cent of the total heat to be removed; in cooling plastic 
cream containing 80 per cent fat, it represents about 31.5 per cent; and in pure 
milk fat, nearly 40 per cent. While a large pari of the heat of solidification may be 
removed during the cooling operation when vat cooling procedure is followed, a 
considerable temperature allowance is required when rapid surface cooling is 
practiced. 


CONCLUSIONS 


Representative values of heat of solidification liberated by milk fat in winter 
cream cooled rapidly from ca. 30° C. to various temperatures were found to be as 
follows : 


Calories 
0.08 18.7 
4.25 17.8 
11.75 15.1 
14.45 10.2 
17.45 5.95 
26.90 2.80 
29.80 0 
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Aines, Philip D., Jr., Animal Husbandry Dept., College of Agriculture, Cornell University, 
Ithaca, New York. 
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Crowley, James W., Dairy Husbandry Dept., Univ. of Wisconsin, Madison, Wisconsin. 

Doetsch, R. N., Dept. Bacteriology, Univ. of Maryland, College Park, Maryland. 

Dormuth, Lawrence C., Pennsylvania Salt Mfg. Co., 1000 Widener Bldg., Philadelphia 7, Pa. 

Draper, Harold H., Veterinary Rescearch Dept., Medical Division, Merck & Co., Inc., Rahway, 
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Dubrie, Walter, Inseminacion Artificial, Machiques Edo Zulia, Venezuela. 

Dunbar, Robert S., Jr., Dept. of Anima! Husbandry, Cornell University, Ithaca, New York. 

Ellis, M. L. T., Mahinui Dairy, Star Route—Box 330, Kaneoke Oahu, T. H. 

Emery, Roy 8., Dairy Dept., Michigan State College, East Lansing, Michigan. 

Ewing, Morris B., Dept. of Dairy Husbandry, Kansas State College, Manhattan, Kansas. 

Fagen, Harold J., 2875 Greenwood Ave., Highland Park, Illinois. 

Feechheimer, Nathan S., Dairy Science Dept., Plumb Hall, Ohio State Univ., Columbus 10, Ohio. 

Frost, Russell E., American Dairy Association, 20 North Wacker Drive Bldg., Chicago 6, Ill. 

Galvin, Francis J., 12 Holly Ave., Cambridge 38, Mass. 

Gamble, James H., 76 Constable St., Malone, New York. 

Geenty, William T., Jr., 55 South Water St., Byran, Connecticut. 

Gross, Kenneth, Dairy Husbandry Dept., South Dakota State College, Brookings, S. D. 

Haines, Charles E., Livestock Research Dept., Tela Railroad Company, La lima Honduras, C. A. 

Hale, Leonard G., Apartado 593, Panama, Republic de Panama. 

Hansen, Roger G., Dept. of Dairy Science, Univ. of Illinois, Urbana, Ill. 

Hodgson, Seott, Western Wash. Exp. Sta., Puyallup, Washington. 

Holmes, Clifford L., Battle Ground, Box 22, Washington. 

Howe, James W., P. O. Box 41, Blacksburg, Va. 

Hueter, F. Gordon, Box #156, Joppa, Maryland. 

Hunt, Roger W., Academy St., Bayport, N. Y. 

Huston, Keith, Dairy Extension Service, Blacksburg, Va. 

Irmiter, T. F., Chr. Hansen’s Laboratory, Junket Brand Foods, Little Falls, N. Y. 

Johnson, Howard L., 2598 Elm Ave., Fresno 6, Calif. 

Johnson, James T., Rt. #1, Walter Valley, Kentucky. 

Kempf, Clayton A., International Dairy Supply Co., Ltd., 4706 Grove St., Oakland 9, Calif. 

Kendrick, School of Vet. Medicines, Univ. of Calif., Davis, Calif. 

Kuiken, John R., Purdue University, Dairy Husbandry Dept., Smith Hall, Lafayette, Ind. 

Kummerow, Fred A., Dept. of Food Technology, Univ. of Illinois, Urbana, Illinois. 

Larsen, Bernhard, National Dairy Products Co., Ind., 230 Park Avenue, New York 17, N. Y. 
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Lewandowski, Thaddeus, 405 Drayton Rd., Oreland, Pennsylvania. 

Linsenmayer, Taylor, West Lafayette, Ohio. 
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Tibbits, Charles B., 4892 Sunbury Rd., Gahanna, Ohio. 
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NATIONAL INTERCOLLEGIATE DAIRY CATTLE JUDGING CONTEST 
NATIONAL DAIRY CATTLE CONGRESS—1952 


WaTERLOO, Iowa 


po 


Pr 


Fr Pe 


TEAM RANK-——ALL BREEDS 


Cornell Univ. 6. 
Ohio State Univ. 8. 
Univ. of Kentucky ............ 9. 
Kansas State College 10. 


Miss 


HIGH INDIVIDUALS IN JUDGING ALL BREEDS 


Barbara Riggs, Maryland ....... 690 6. 


Russell Schelkopf, Nebraska. ............... 689 6. 
Herman Hensel, Cornell 8. 


David Colwell, Ohio (Tie) . 9. 
John Wente, Kentucky 685 
AYRSHIRE 

Teams 
Towa State Coble ge 408 1. 
South Dakota College . 2. 
Kansas State College ..... 3. 
Us, of 4. 
5. 
Univ. of Wisconsin ...... 6. 
Calif. Polytechnic Inst. .... 387 6. 
Texas Technological College . 382 8. 
Univ. of Illinois 380 9. 
Univ. of Massachusetts 0.0.0... 380 9. 
9. 

BROWN SWISS 

Teams 
Ohio State Univ. 431 1. 
Univ. of Maryland .. wee 421 3. 
Univ. of Kentucky 412 5. 
Texas A & M ge 410 5. 
Cornell Univ. 409 Ts 
Kansas State College 409 7. 
Univ. of Illinois 406 9. 
Oklahoma A & M College ..0.....c0.000. 400 9: 
9. 
GUERNSEY 

Teams 
Univ. of Nebraska 420 G 
Univ. of Arkansas 395 2. 


Towa State College 1982 
Univ. of 1972 
1969 
Washington State College ............... 1949 
California Polytechnic Inst. ............... 1948 
Jim Sehuh, Kansas 683 


John Doherty, Washington (Tie) ..... 683 
Billy Ridgway, Kentucky 

Thomas Weller, Maryland : 
John Wysong, Cormell) 


Individuais 
Jim Sehuh, Kansas 145 
Russell Schelkopf, Nebraska ................ 143 
William Norton, Wisconsin ................... 141 
Richard Lommen, 140 
Cleo Tillotson, South Dakota ................ 139 


Donald Smith, Mlinois .............. 
William Huffard, Maryland 


Ray Miller, Texas Tech. 137 
Barbara Riggs, Maryland ...................... 135 
Geo. Gransling, Wisconsin ......................... 135 


John Wysong, Cornell 
Merrill Richey, Iowa 


Individuals 


Barbara Riggs, Maryland 
James Mellinger, Ohio ........ 
Herman Hensel, Cornell ... 
Delbert Merritt, Nebraska 
Arden Alexander, Wisconsin ............... 145 
Jennings Cunningham, W. Va. ........... 145 


H. W. Haisler, Texas A & M .............. 144 
John Gross, South Dakota ..........00....... 144 
Thomas Weller, Maryland ...................... 143 
John Doherty, Washington .................... 143 
Russell Schelkopf, Nebraska .................. 143 
Individuals 
Russell Schelkopf, Nebraska ................. 149 
John Wysong, Cornell 144 
Joe Armstrong, Kansas 144 
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_ Univ. of Nebraska 


CATTLE 


Iowa State College 
Cornell Univ. 
Univ. of Maryland 
Kansas State College 
Washington State College 
Virginia Polytechnic Inst. ................... 


Teams 


Univ. of Kentucky 
Cornell Univ. 
Iowa State College 
Washington State College 
South Dakota State College 
Univ. of Illinois 
Ohio State Univ. 
Univ. of 
Kansas State College 


Teams 


Ohio State Univ. 
Alabama Polytechnic Inst. .................... 
Ontario Agri. ge 
Calif. Polytechnic Inst. 
Univ. of Maryland 
Iowa State College 
Virginia Polytechnic Inst. 
Cornell Univ. 
South Dakota State College 
Univ. of Kentucky 
Univ. of Missouri 


JUDGING CONTEST 


394 2. 
388 5. 
387 5. 
384 7. 
381 8. 
380 9. 
379 9. 
HOLSTEIN 
418 
417 2. 
414 3. 
410 3. 
402 5. 
400 6. 
400 6. 
399 6. 
398 6. 
39610. 

10. 

10. 

10. 

JERSEY 


—) 
wr 


Arden Alexander, Wisconsin ............... 144 
R. G. Baldwin, Virginia ......... 143 
Thomas Weller, Maryland .. . 143 
Willard Berry, Washington ................. 141 
Howell Wheaton, Purdue 140 
John Wente, Kentucky 139 
Richard Larson, Massachusetts .......... 139 
Individuals 
Stewart Wolcott, Cornell 146 
Billy Ridgway, Kentucky ..............0.. 144 


Herman Hensel, Cornell 
Leslie Mathews, Iowa ..... 
John Wente, Kentucky 
John Doherty, Washington 


Kenneth Getz, Tinois 139 
Ervin Akins, Ohio State 2.0.0... 139 
Robert Barduson, Minnesota ................ 139 


Barbara Riggs, Maryland ....... 


Russell Schelkopf, Nebraska ................. 138 

Jim Schuh, Kansas 138 

John Gross, South Dakota .................- 138 
Individuals 

James Mellinger, 147 

David Colwell, OWi0 146 

Merrill Richey, Lowa 146 


. 146 


Barbara Riggs, Maryland 
. 144 


Duane Traylor, Kansas ... 


Billy Ridgway, Kentucky 144 
Virgil Ernest, Calif. Polytech. Inst. 144 
Arden Alexander, Wisconsin. ............... 143 


J. W. Brown, Ontario . 143 


Robert Yates, Alabama 
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COLLEGIATE STUDENTS’ INTERNATIONAL CONTEST IN 
JUDGING DAIRY PRODUCTS 


Crtcaao, ILLINOIS, 1952 


ALL PRODUCTS 


Teams Individuals 
Ohio State Univ. 10 1. Edward J. Haynes, Jr., Ohio State ..... 35 
Cornell Univ. 15 2. Jolie: A. Tare; 41 
Iowa State College 20 3. Bert W. Taylor, Ohio State ................... 47 
Michigan State College ccc 28 4 J. D. Wright, Mississippi State ......... 52 
Mississippi State College .. 39 5. Thomas Williamson, Michigan State. 59 
Univ. of Minnesota ...................... 40 6. Robert R. Farrar, Minnesota (Tie)..... 75 
Texas Technological College ................. 41 6. Hugh O. Jaynes, Tennessee (Tie) ..... 75 
Univ. of Massachusetts (Tie) ................ 47 8. Ronald Mock, Washington State ....... 84 
Univ. of Maryland (Tie) ae 9. Albert B. Bishop, Connecticut .... . 90 
Kansas State College ..cccccccccccccmne 10. Henry N. Charlap, Cornell 
RUTTER 
Teams Individuals 
Cornell Univ. 42.84 1. Carl Zurborg, Iowa State ..................... 9.0 
Towa State ge 43.67 2. John A. Tarr, Cornell 
Ohio State Univ. 45.51 3. G. A. Noffsinger, Virginia Poly. ..... 12.0 
Mississippi State College ................... 45.84 4. John G. Burke, Vermont .................... 12.58 
Michigan State College ........00000000..... 47.78 5. Albert B. Bishop, Kentucky ............ 12.84 
Univ. of Connecticut un. mee 90.35 6. J.D. Wright, Mississippi State ....... 13.00 
Univ. of Illinois 51.17 7. Alvin F. Rich, Michigan State ........ 13.50 
Virginia Polytechnic Institute ........ 53.17 8. Hugh O. Jaynes, Tennessee ................ 14.17 
Texas 54.18 9. Erwin W. Albrecht, [linois ................ 14.17 
Univ. of Maryland .. 54.34 10. Bill LaGrange, Iowa State ............... 14.17 
(All ties broken in favor of flavor) 
CHEESE 
Teams Individuals 
100.35 1. Bert W. Taylor, Ohio State ............. 30.50 
Univ. of Wisconsin 107.52 dele: Tass; 30.67 
Towa State College 0. cece 107.68 3. Thomas Williamson, Michigan St... 31.00 
Michigan State College ..................... 112.48 4. Robert R. Farrar, Minnesota .......... 31.84 
Univ. of Minnesota 113.68 5. Ronald Mock, Washington State .. 32.34 
Virginia Polytechnic Inst. ................ 114.26 6. Ralph Cumbest, Mississippi State... 32.67 
Cornell Univ. 115.19 7. Donald L. Brick, Wisconsin ............. 32.84 
Washington State College ............... 115.34 8. Edward J. Haynes, Jr., Ohio State 33.42 
Mississippi State College .................. 116.44 9. Fred Axelgard, Utah State .............. 34.0) 
Utah State College cece: 116.77 10. E. E. Seay, Virginia Polytech. Inst. 34.58 
MILK 
Individuals Teams 
Robert R. Farrar, Minnesota ............. 29.50 1. Univ. of Massachusetts ........................ 105.35 
Gwendolyn Judson, Massachusetts. 30.01 2. Cornell Univ. 
Clifford J. Wengert, Cornell ............. 31.25 3. Univ. of Mimmesotar 
Edward J. Haynes, Jr., Ohio State 35.17 4. Ohio State Univ. ....... 
Albert B. Bishop, Connecticut ........ 35.67 5. Kansas State College ‘ 
J. D. Wright, Mississippi State ..... 35.93 G Univ. of Resta... 
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7. Richard E. Brown, Kansas State. 36.00 7.. Uniri.et' Tite 122.84 

8. Richard F. Teegen, Lowa State ........ 36.09 8. Towa State College .....cccccccccsecsuen 124.61 

9. Bert W. Taylor, Ohio State ............... 36.17 9. Univ. of New Hampshire .................. 125.34 

10. Marilea Papalia, Massachusetts ...... 36.34 10. Univ. of Vermont 126.09 

ICE CREAM 
Individuals Teams 

1. Charles Shearer, Penn State .............. 16.17 1. North Carolina State College .......... 57.42 

2. Lester Finder, Wisconsin .................. 17.50 2. Ohio State Univ. 63.09 

3. Thomas Williamson, Michigan St. 17.67 3. Univ. of Georgia 63.50 

4. D. Ronald Biggerstaff, N. C. State 18.17 4. Michigan State College ............0........ 66.67 

5. Hugh O. Jaynes, Tennessee .............. 18.50 5. Cornell Univ. 66.92 

6. Henry N. Charlap, Cornell ............... 18.50 6. Mississippi State College .................... 67.61 

7. B..&.. Day, Maryland 18.67 7. Towa State College 67.73 

8. Edward J. Jaynes, Jr., Ohio State 18.67 8. Texas Technological College ......... 67.99 

9. J.D. Wright Mississippi State ........ 18.92 9. Univ. of Massachusetts ............... . 68.67 

10. Gwendolyn Judson, Massachusetts. 19.50 10. Penn State College ..... - 10.52 


(All ties broken in favor of flavor) 


ERRATUM 


On p. 659, the tenth line from the bottom of the page, the phrase ‘‘of a cationic 
type’’ should read ‘‘of an anionic type’’. 
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Acerate, mammary gland utilization of, 
504* 
Alimentary tract contents, of calves at birth, 
839 
Alfalfa, dehydrated, feeding value of, 515 
Alfalfa hay, 
antirachitic properties of, 1107 
feeding value of, 755 
immature, nutritive value of, 1001 
methoxychlor-treated, effect on dairy cows, 
445 


Alfalfa meal, fed to calves, 424 
Alfalfa silage, preservation of, 
effect of corn meal on, 1076 
effect of dried whey on, 1076 
effect of moisture level on, 1076 
Amino acids, 
in colostrum, soil fertility and, 128 
in foreign type cheeses, chromatography of, 
479* 


in milk protein, soil fertility and, 128 

of fat-globule membrane, 615 

synthesis of, in bovine rumen, 505 * 
Antibiotics, 

and semen fertility, 899 

effect on rumen microorganisms, 571 

used in semen dilutors, 489* 

value in preservation of milk, 1101 
Association announcement, 

intercollegiate judging results, 1132 

new editor named. 800 

new members in 1952, 1130 

officers and committees of ADSA, 88 

proceedings, 47th annual meeting, 711 

program, 47th annual meeting, 463 

XIIIth International Dairy Congress, 370 
Aureomycin, 

effect on keeping quality of pasteurized milk, 

485* 


fed to calves, 
growth response to, 493*, 1094 
weight changes due to, 1094 
in milk, 
effect on cheese making, 51 
effect on starter activity, 51 
value in milk replacements for- calves, 493* 
value in milk replacement formulas, 910 
Aureomycin supplementation, of calves, 
effect on feed utilization, 
effect on growth, 846 


Bacteria, 
associated with Swiss cheese, effect of copper 
on, 929 
influence on biacetyl in cottage cheese, 482* 
Bacteriophage, 
carrier state of, 813 
effect on mixed strain starters, 371 


4 Prepared by D. D. Deane. 
* Abstract of paper read at Annual Meeting. 
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for S. thermophilus, from Swiss cheese whey, 
483* 


multiple-strain in lactic starters, 668 
“nascent phenomenon’ of, 371 
Benzoyl peroxide, in bleaching milk, factors 
affecting action of, 483 
Biopsy, of bovine endometrium, 499 
Biuret test, quantitative, for milk serum pro- 
teins, 823 
Blood, goats, short-chain fatty acids of, 631 
Blood hemoglobin values, of dairy cattle, 661 
Blood mineral balance, relation to milk fever 
of, 587 
Blood plasma, 
calves, dietary lipids and fatty acids of, 492* 
carotenoid concentration of, carotene intake 
and, 687 
vitamin A level of, 
carotene intake and, 687 
vitamin A intake and, 687 
Blood plasma lipids, of calves, type of dietary 
lipids and, 1046 
Blood serum iodine, 
effect of thyroprotein feeding on, 503* 
relation to age and breed, 603 
Bread, quality of, effect of milk serum proteins 
on, 482* 
Browning, of heated milk, 1053 
Brucella abortus, in Italian cheese curd, 479* 
Bulls, 
body measurements of, effect of grass silage 
on, 949 
delayed returns to service caused by, 250 
effect ot air temperature on, 489* 
effect of humidity on, 489* 
= on by, effect of grass silage on, 


fertility of, 
seasonal changes in, 245 
sexual excitement and, 801 
hypothyroidism in, thiouracil-induced, 498* 
libido of, frequency of ejaculation and, 489* 
monozygotic, nutritional studies with, 489* 
semen quality, 
effect of grass silage on, 949 
frequency of ejaculation and, 489* 
Butter, 
ascorbic acid as antioxidant in, 485* 
continuous process, copper content of, 292 
fat hydroylsis in, measurement of, 59 
from sweet cream, keeping quality of, 484* 
“skunkweed” flavor in, 485* 
surface-taint in, bacteriology of, 463 
Butterfat, 
glyceride structure of, 486* 
heat of solidification of, 1125 
polymorphism of, 486* 
Butterfat production, 
early growth rate and, 957 
oxytocin for reducing fluctuations in, 1117 
Butterfat test of milk, effect of oxytocin on, 
1117 
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Buttermilk, roller-dried, 
ammonia content of, 116 
formol titration of, 116 
Butteroil, 
in filled milks fed to calves, 507 
manufacture of, surface «ctive agents in, 655 


radioactive, calcium metabolism 
measured with, 783 
Calcium metabolism. in lactating goats, 783 
Calf diet, DDT in, effect on digestion of, 6 
Calf scours, slacked lime in prevention of, 491* 
Calf starters, 491* 
Calf tissue, riboflavin level in, effect of ration 
on, 492* 
Calves, 
alfalfa hay as roughage for, 98 
alfalfa meal in diet of, 
effect on carotene intake of, 424 
effect on growth of, 424 
alimentary tract contents at birth, 839 
aureomycin fed to, 
effect on feed utilization of, 846 
growth response to, 493*, 846 
growth response due to, 1094 
weight changes due to, 1094 
blood plasma levels of carotene in, 320 
blood plasma levels of vitamin A in, 320 
blood plasma lipids of, 1046 
type of dietary lipids and, 4$2* 
carotene absorption by, 283, 320 
rate of, 320 
carotene intake and, 
liver storage in, 687 
plasma storage in, 687 
cross bred, birth weights of, 498* 
filled milks for, 
butteroil in, 507 
soybean oil in, 507 
fistulated, omasal-abomasal feeding of, 505* 
growth of, 
cud inoculation and, 493* 
effect of aureomycin on, 493*, 846, 1094 
growth stimulant for, arsonic acid deriva- 
tives as, 492* 
heart girth of, age changes in, 495* 
mammary evaluation grade, age changes in, 
495* 
milk replacements for, 336 
aureomycin in, 493*, 910 
pDL-methionine in, 675 
penicillin in, 675 
vitamin Bi in, 675, 910 
prairie vs. alfalfa hay for, 501* 
purebred, birth weights of, 498* 
response to aureomycin of, type of protein 
fed and, 493* 
rickets in, 
alfalfa hay for, 1107 
limestone in ration for, 1107 
simplified starters for, 491* 
vitamin A absorption by, 283, 320 
rate of, 320 
vitamin A depleted, 
effect of ascorbic acid on, 607 
response to vitamin A of, 607 
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whey-fed slacked lime in prevention of 
scours in, 491* 
Carotene, 


absorption of, by dairy calves, 283, 320 
calf blood plasma levels of, absorption rate 
and, 320 
in alfalfa hay, $8 
liver storage of, carotene intake and, 687 
utilization from hay, vitamin supplementa- 
tion and, 492* 
Carrier state, of lactic streptococcus bacterio- 
phage, 813 
Casein fractions, separation of, 272 
Cattle, (also see ‘“cows’’) 
blood hemoglobin values of, 661 
crossbred, production records of, 495* 
effect of stress conditions on, 494* 
European, evaporative cooling in, 495* 
genetic resistance to mastitis, 829 
Indian, evavorative cooling in, 495* 
interbreeding vs. intrabreeding, fertility in, 
963 


irregular breeding in, studies of, 500* 
Jersey, genetic correlation of type and pro- 
duction, 199 
loose vs. stanchion-barn housing for, 495 
—s of, unidentified dietary factors in, 
30, 41 
ovulation studies on, 436 
pregnancy test for, 499* 
production testing of, testing interval in, 350 
resistance to mastitis, genetic relationships 
in, 829 
Cattle forage, nitrogen digestibility of, 502* 
Cellulose digestion, by rumen microorganisms, 
effect of antibiotics on, 571 
Cheese, 
blue, colorless mutants of P. roqueforti for, 
480* 


brick, bacteriology of sweet-curd type, 1067 
cheddar, 
effect of aureomycin in making, 51 
gas in, from L. citrovorum, 554 
proteinases of, bacterial proteinases com- 
pared with, 149 
reducing sugars in, 779 
cottage, 
=" in, effect of spoilage bacteria on, 
482* 


effect of aureomycin in making, 51 
foreign-types, free amino acids in, by chro- 
matography, +79* 
Italian, Br. abortus i in, 479* 


me fatty acids in, by chromatography, 


Provolone, relationship of fatty acids to 
ripening of, 480* 
Swiss, 
cultures for, effect of copper on, 929 
development of fatty acids in, 480* 
Cheese body, device for measuring, 480* 
Cheese proteinases, bacterial proteinases com- 
pared with, 149 
Chromatography, 
for neutral steroids in cow’s urine, 500* 
of free amino acids in cheese, 479* 
of lower fatty acids in cheese, 479* 


4 
Mad 
ye 
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Colostrum, 
amino acid composition of, soil fertility and, 
128 
buffering capacity of, 356 
high protein concentration in, role of plasma 
cells in, 496* 
osmotic pressure of, 356 
PH of, 356 
Cooked flavor, sulfhydryl groups and, 699 
Copper, 
effect on Swiss cheese cultures, 929 
in continuous process butter, 292 
Corrosion by acid cleaners, 
of stainless steel, 449 
of tinned steel, 449 
Cows, (also see “cattle” ) 
body weight of, hay-grain ratios fed and, 
506* 


butterfat production by, early growth rate 
and, 957 

duration of gestation in, factors associated 
with, 179 

early growth rate of, butterfat production 
and, 957 


effect of relaxin on cervix of, 499* 
effect of toxaphene on, 214 
estimating lactation yields of, 977 
Tr of, non-return to service as estimate 
or, 
lactating, 
“hard” vs. “soft’” water for, 998 
urea utilization by, 1001 
lactation of, 
effect of estrus on, 234 
effect of gestation on, 224 
methoxychlor-treated alfalfa fed to, 445 
— ae in, mineral balance in blood and, 
milking, grass silage vs. hay as pasture sup- 
plement for, 501* 
pear-cannery waste fed to, 503* 
placentome of, intracrypt space in, 499* 
pregnancy interruption in, .breeding tech- 
niques and, 219 
rumen contents of, properties of, 505* 
self feeding of hay and grain to, 501* 
uterine motility of, effect of hormones on, 
499* 
variation in daily milk yield of, 967 
Cream, 
aging of, effect on fatty acid distribution in, 
484* 


ascorbic acid as antioxidant in, 485* 
cooled, thermal behavior of fat in, 1125 
<n of, surface-active agents in, 
fat hydrolysis in, measurement of, 342 
frozen, antioxidants used in, 93 
“skunkweed” flavor in, 485* 
WIA production in, by Geotrichum can- 
didum, 298 
Cultures, 
carrier state of bacteriophage in, 813 
for Swiss cheese, effect of copper on, 929 
multiple-strain bacteriophage infection of, 
668 
Curd tension, of milk, effect of electric current 
on, 920 
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Dor, 


in calf diet, effect on digestion, 6 
in milk, factors affecting concentration of, 
266 
De-emulsifying agents, for milk fat, 324 
Diluents, for plating bacteria, effect on Ps. 
putrefaciens of, 738 
Distillers feeds, value in milk production, 868 


of fat-membrane proteins of milk, 486* 
of skimmilk, 487* 
of skimmilk proteins, 
effect of heating on, 1036, 1083 
sample preparation for, 1026 
Endometrium, biopsy technique for, 499* 
Environment, influence of, on milk production, 
540 
Extraneous matter, in roller-dried milk powder, 
determination of, 550 


F MEMBRANE, amino acids 
of, 61 
Fat hydrolysis, measurement of, 
in butter, 59 
in cream, 342 
Fat metabolism, in mammary gland, 496* 
sy, Ty effect of removal of residual milk on, 
121 


Fatty acids, 
in cheese, chromatography of, 479* 
in cream, effect of aging on distribution of, 
484* 


in Provolone cheese, 480* 
in Swiss cheese, 480* 
polyunsaturated, in calf plasma, effect of 
dietary lipids on, 492* 
short-chain, in goats’ blood, 631 
Fecal material, methoxy groups in, as index of 
feed value of forages, 595 
Feed, 
digestibility of, hay-grain ratio fed and, 


for cattle, pear-cannery waste as, 503* 
Feed utilization, effect of suliur content of 
rations on, 503* 
Feeds, relation between TDN and energy 
values of, 502* 
Fertility, 
of bulls, sexual excitement and, 801 
of heifers, effect of age and size on, 620 
Forage, feeding value of, methoxy groups in as 
index of, 595 
Forage crops, preservation with SO2, 329, 501* 
Forages, dehydrated, feeding values of, 515 
Fructose, utilization by spermatozoa, 637 


Georaicnum CANDIDUM, 
lipase of, 455 
WIA production in cream by, 298 

Gestation, duration of, factors associated with, 
179 

Glucose, utilization by spermatozoa, 637 
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Goats, 
lactating calcium metabolism in, 783 
short-chain fatty acid in blood of, 631 
Grain, unidentified dietary factors in, 41 
Grazing rotational vs. continuous, 623 
Growth stimulant, for calves, arsonic acid 
derivatives as, 492* 


Hay, 


alfalfa, 
antirachitic properties of, 1107 
curing method and carotene content of, 
98 


immature, nutritive value of, 1001 
methoxychlor-treated, fed to cows, 445 
lespedeza, feeding value for milk produc- 
tion, 559 
peanut hulls as replacement for, 30 
prairie vs. alfalfa for calves, 501* 
timothy, immature, nutritive value of, 1001 
vs. roughage as pasture supplement, 501* 
Heat exchanger, small-tube, 
characteristics of, 13 
properties of cream heated in, 13 
Heat of solidification, of milk fat, 1125 
Heat stability test, for milk proteins, 937 
Heifers, 
carotene utilization from hay by, 492* 
feeding value of alfalfa hay for, 755 
fertility of, 620 
ovulation time of, 
effect of gonadotrophic pituitary extract 
on, 
effect of progesterone on, 65 
twin, growth uniformity trials with, 494* 
Hormone implants, inducing lactation by, 504* 
Hormones, 
for milk “let-down’’, 
amount of, 889 
discharge of, 894 
gonadotropic, influence on semen quality, 
489* 


influence on lactation, 503* 
udder development with, 504* 
Hydrotron, effect on milkstone formation, 920 
Hypothyroidism, in dairy bulls, thiouracil-in- 
duced, 498* 


Lee CREAM, lactic acid in, determination 
of, 305 
Insemination, intrauterine, 808 
Iodine, serum, 
eg of thyroprotein feeding of cows on, 
relation of to age and breed, 603 


J OURNALS, reference, used by dairy scien- 
tists, 566 


Keerinc QUALITY. of sweet cream but- 
ter, evaluation of, 484* 

Ketosis, 
blood levels of certain constituents in, 497* 
pituitary-adrenal cortical syndrome in, 497* 
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sodium acetate given orally for, 497* 
urinary excretion of certain constituents in, 
497* 


Lacranion, 
effect of estrus on, 234 
effect of gestation on, 224 
induced, caused by hormone implants, 504* 
influence of hormones on, 503* 
in ruminants, relation of sulfur compounds 
to, 502* 
Lactation yields, 
daily variation in, 967 
methods of estimating, 977 
Lactic acid, determination of, 
in ice cream, 305 
in ice cream ingredients, 305 
Lactic acid bacteria, milk as medium for, effect 
of heat on, 988 
Lactose, metabolism of, 504* 
Leuconostoc citrovorum, gas production in 
cheddar cheese by, 554 
Lindane, in cow’s milk dosage level and con- 
centration of, 733 
Lipase, 
of Geotrichum candidum, 455 
ot Ps. fragi, behavior of, in cream and 
butter, 484* 
Lipids, blood plasma, 
of calves, 1046 
of calves, type of dietary lipid and, 492* 


M AMMARY GLAND, 
acetate utilization by, 504* 
development of, 
hormone control of, 504* 
hormone implants for 504* 
fat metabolism in, studies on, 496* 
globulins produced in, role of plasma ce'ls 
in, 
hyalin-fibrin complex in, 496* 
Mastitis, 
resistance of cattle to, genetic relationships 
in, 829 
streptococcal, causative mechanisms in, 496* 
— interbreed vs. intrabreed, fertility of, 


Medium for propionibacteria, 915 
coment 3 in milk replacements for calves, 
Methoxy groups, in forage, as index of feeding 
value, 5 
we in milk, thermal resistance of, 4%4* 
uk, 
antioxidant properties of, influence of pas- 
ture on, 481* 
as culture medium, effect of heat on, 988 
aureomycin in, 
effect on cheese making, = 
effect on starter activity, 5 
benzoyl peroxide bleaching eo factors affect- 
ing, 483* 
calcium ion activity in, estimation of, 488* 
concentrated, 
pasteurization requirements of, 793 
preservation of, value of subtilin for, 1101 


. 
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curd tension of, effect of electrical current 
on, 920 
daily yield of, variation in, 967 
DDT in, factors affecting concentration of, 
266 
dried, roller process, test for extraneous 
matter in, 550 
dried, whole, 
antioxidant properties of NDGA in, 524 
keeping quality of, 643 
measuring wettability of, 481* 
oxidation-reduction systems of, 643 
surface-active agents used to improve 
wettability of, 482* 
evaporated, 
browning of, factors involved in, 1053 
color of, observations on, 4+ 
crystalline deposit in, 106 
forewarming treatment for, 388 
heat stability of, effect of enzymatic pro- 
teolysis on, 857 
incipient enzymatic proteolysis of, 
effect on heat stability of, 857 
effect on viscosity of, 857 
metals in, spectrographic analysis for, 
488* 


storage of, 
changes produced by, 166, 488* 
increase in fluorescence during, 166 
viscosity of, effect of enzymatic proteolysis 
on, 857 
with high heat stability, 388 
fat content of, 
influence of type of silage on, 481* 
removal of residual milk and, 1121 
fat membrane proteins of, 
composition of, 486* 
electrophoresis of, 486* 
isolation of, 486* 
fat test of, high-fat ration and, 1117 
filled, fed to dairy calves, 
butteroil in, 507 
soybean oil in, 507 r 
flavor of, ‘ 
influence of type of silage on, 481* 
pasture grazing interval and, 502* 
fluid, 
incidence of antibiotics in, 533 
incidence of quaternaries in, 533 
incidence of sulfa drugs in, 533 
freeze-dried, propertics of, 77 - 
frozen concentrated, 
protein stability of, 481* 
stability of, 1 
frozen homogenized, keeping quality of, 
added ascorbic acid and, 195 
added sucrose and, 195 
frozen stored, stability of, 1 
heated, 
as medium for lactic cultures, 988 
tactual flavor of, 161 
heat treatment of, undenatured serum pro- 
tein as index of, 487* 
homogenized, fat membrane proteins of, 
486* 
high quality, factors influencing production 
of, 494* 
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lactation yields of, estimation of, 977 
“Jet-down” hormone for, 
amount of, 889 
discharge of, 894 
lindane concentration in, dosage level and, 
733 
micrococci in, thermal resistance of, 484* 
nonfat dry, 
for starter activity tests, 484* 
particle size of, 483* 
reconstituted, as semen dilutor, 491* 
serum protein denaturation in, 363 
oxidized flavor in, 
factors in development of, 21 
tocopherol supplementation and, 834 
pasteurized, keeping quality of. added aureo- 
mycin and, 485* 
PH of, influence of type of silage on, 481* 
preservation of, value of subtilin for, 1101 
protein stability of, effect of electrical cur- 
rent on, 920 
quality of, influence of permanent pipelines 
on, 874 
residual, removal of and subsequent milk 
yield, 1121 
riboflavin-deficient, preparation of, 581 
skim, 
electrophoresis of, 486* 
heated, electrophoretic patterns of, 487*, 
1036, 1083 
proteins of, electrophoresis of, 1026, 1083 
titratable acidity of, type of silage and, 481* 
total protein of, relationship of per cent milk 
fat to, 174 
total solids of, type of silage and, 481* 
yield of, 
high-fat diet and, 1117 
oxytocin for reducing fluctuations in, 1117 
Milk bottles, 
clear glass, vitamin destruction rate in, 772 
—_ glass, vitamin destruction rate in, 


paper, vitamin destruction rate in, 772 
Milk energy, relationship to per cent of milk 
fat, 174 
Milk fat, 
de-emulsifying agents for, 324 
heat of solidification of, 1125 
- = of, relationship of milk energy to, 


per ae of, relationship of total protein to, 
1 


vitamin content of, effect of tocopherol sup- 
plementation on, 834 
Milk fat production, effect of tocopherol 
supplementation on, 834 
Milk fever, occurrence of, mineral balance in 
blood and, 587 
Milk “‘let-down’’, 
amount of hormone for, 889 
discharge of hormone for, 894 
stimulation of, 
methods used for, 1017 
milking response after, 1017 
Milk powder, 
heat treatment in, undenatured serum pro- 
tein as index of, 487* 
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measuring wettability of, 481* 
wettability of, surface-active agents used to 
improve, 482* 
Milk production, 
effect of high-fat diet on, 1117 
environmental influences on, 540 
feed value of lespedeza hay for, 559 
hay-grain ratio fed and, 506* 
oxytocin for reducing daily fluctuations in, 
1117 
pasture grazing interval and, 502* 
persistency of, 502* 
removal of residual milk and subsequent, 
1121 
type of silage and, 481* 
urea in ration and, 1001 
value of distillers feeds for, 868 
value of immature hays for, 1001 
Milk production records, of crossbred cattle, 
495* 
Milk products, oxidized flavor in, 21 
Milk proteins, 
amino acid composition of, soil fertility and, 
128 
electrophoresis of, 1026, 1083 
electrophoretic patterns of, effect of heat- 
ing on, 1036, 1083 
fractions of, sulfhydryl content of, 699 
heat stability test for, 937 
quantitative Biuret test for, 823 
Milk quality, permanent pipe lines in dairy 
barn and, 494* 
= substitutes, for dairy calves, 336, 675, 
910 


Milk yield, 
daily variation in, 967 
removal of residual milk and subsequent, 

1121 

Milking response, after stimulating milk let- 
down, 1017 

Milkstone formation, effect of electrical cur- 
rent on, 920 

Minerals, trace, 
blood concentration of, 693 
liver concentration of, 693 


Noea, antioxidant properties of, in whole 
milk powder, 524 
Noseprints, bovine, classification of, 314 


MEAL, as hay repiacement, 41 
Ovulation, time of, 
— of gonadotrophic pituitary extract on, 
1 


effect of progesterone on, 65 
Ovulations, in Holstein cattle, studies of, 436 
Oxidized flavor, 
in cream and butter, 
role of tocopherol in development of, 
485* 


role of ascorbic acid in development of, 
485* 
in frozen cream, effect of antioxidants on, 93 
in milk, 
origin of, 21 
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tocopherol supplementation and, 834 
in milk products, 21 
Oxytocin, 
effect on fluctuations in milk yield, 1117 
effect on milk and fat production, 1117 


REQUIREMENTS, 
of concentrated whole milk, 793 

Pasture, influence on antioxidant properties 
of milk of, 481* 
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syndactylism in, A54 
twin, skin grafting between, A59 
unrelated, skin grafting between, A59 
vaccinated with Br. abortus, susceptibility 
to Br. suis, A41 
vibrosis in, A65 


Centrifuge, 


cold milk, A58 
for breaking milk fat emulsion, A5 
for reconstituting melted butterfat, A5 


bacteri- 
cidal effects of, A20 


Cheese, 


apparatus for handling in curing room, A3 
baker’s, manufacture of, A42 
butyric acid fermentation in, effect of oxi- 
dizing agent on, A89 
Camembert, red color defect in, A64 
cheddar, 
curing temperature and ripening of, A75 
reducing extraneous matter in, Al7 
salt content of, effect on lactic culture 
activity, A3 
whey protein of, enzymatic hydrolysis of, 
Al8 
cheddar, Canadian, 
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finishing of, A75 
manufacture of, A75 
cottage, 
bacterial spoilage of, A49 
creaming of, Al7 
manufacture of, A76 
use in the rat diet, A9 
Edam, 
curing temperature and ripening of, A88 
pH and ripening of, A88 
extraneous matter in, control of, A75 
fat in, 
Gerber tes. for, A21 
Roeder test for, A34 
gas defect in, due to Leuconostoc, A89 
hand slicer for, A49 
hard, rotten spots on surface of, A9 
Herrgard, influence of aroma bacteria on, 
A64 


mold growth on, 
antibiotics in prevention of, A42 
chemicals in prevention of, A42 
phosphatase activity in, Al0 
process for making, A64 
processed, 
bacterial spoilage of, A76 
made with vegetable oils, A76 
manufacture of, A75 
use of whey protein in, A75 
proteolytic decomposition in, determination 
of, A65 
rusty spots in, cause of, A2 
Tilsit, aromatic substances in, A3 
use of flavor concentrates from, Al7 
use of silage milk in ing, 
Cheese curing rooms, fungistatic wall paint 
for, A3 
Cheese dispenser, Al7 
Cheese flavor, blue cheese, synthetic, A17 
Cheese hoop, conical-type, A49 
Cheese industry, trends in, Al7 
Cheese making, 
relation of enzymes to, Al7 
use of silage milk in, A89 
Cheese milk, prevention of butyric acid 
fermentation in, 
Cheese press, A75 
Cheese product, 
dehydrated, 
dried, Al7 
Cheese products, roasted, A3 
Cheese rind, cause of whey pockets in, A2 
Cheese wrapper, flexible, A75 
Chemical products, from milk, A77 
Chlorides, 
plasma, amperometric titration of, A58 
urine, amperometric titration of, A58 
Chromatography, 
enzyme detection by, A57 
of reducing substances, from mammary 
gland, A84 
separation of fatty acids by, A90 


metal surface for, A2 
Citrus products, dried, effect on milk flavor, 
A5 


A101 


Cleaner, acid, and detergent, A61 
Cleaner-sanitizers, for farm utensils, A46 
Cleaning methods, 
for dairy plant, A85 
for permanent pipelines, A85 : 
Clostridium propionicum, mechanism of propi- 
onic acid formation by, A50 
Cocoa-milk beverage concentrate, A56 
Colostrum, absence of bacteriophage in, A10 
Committee on dairy industry equipment, 
progress report of, A23 
Cooler, 
electric dry box, for farm cream, A87 
for milk in cans, A93, A94 
Cooling tank, 
can handling device for, A81 
farm, A81, A93 
Copper, in butter, determination of, A87 
Cows, (also see “cattle’’) 
anti-kicking device for, A54 
— mucosa changes during estrus in, 
3 
feed supplement for, A80 
fertility of, effect of Ca and P intake on, 
A5 
heritability of udder proportion in, A92 
Jersey, relationship of type and butterfat 
production of, A92 
keeping fly free, A93 
prevention of eversion of uterus of, A80 
system of milking, A93, A94 
teat dilator for, A59 
teat protector for, A80 
Cowshed, 
rubber floors in, A93 
Swedish, A93 
Cream, 
dispenser opening for, in paper bottles, A84 
farm coolers for, dry box, electric, A87 
gas-whipped, 
apparatus for making, A61 
container for, A28 
dispenser for, A28 
production of, A39 
quality of, electric farm coolers and, Al6 
sterilized, processing of, A83 
Cream remover, for glass milk bottles, A6 
Cryptococcus neoformans, association with 
mastitis, A63 
Cultured milks, reasons for increased use of, 
A57 


Dairy BACTERIOLOGY, problems in, 
A89 
Dairy barn, 
mechanical gutter cleaner for, A54 
pen type, A24 
ventilation of, A24 
Dairy equipment, cleaning of, time and mo- 
tion analysis of, 
Dairy industry, 
bimetallic thermometer for, A79 
federal pricing programs for, A23 
future trends in, A58 
merchandising in, A79 
prevention of labor turnover in, A1l2 


| 
Churn, 
metal, A87 
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role of research in, A80 
trends in U. S. in, A80 
use of chemical germicides in, A30 
waste disposal problems of, A78 
work simplification in, A79 
Dairying in Brazil, A96 
Dairy plant equipment, sanitation of, A46 
Dairy plants, 
cleaning techniques for, A85 
factors in designing, A52 
new construction for, A78 
new designs for, A78 
reducing milk waste in, A23 
requirements of safety program for, A52 
streamlining receiving operations in, A52 
Dairy products, 
chloride determination for, A21 
dried, packaging of, A17 
increased sales by merchandising, A79 
low-fat semi-frozen, A70 
manufacture of, A79 
prevention of rancid flavors in, A90 
refrigerated, self-service cabinet for, A60 
Dairy research, importance of color photog: 
raphy in, A91 
Dairy research problems, in Sweden, A96 
Dairy wastes, 
disposal of, A78 
treatment of, A52 
Dating, of bottled milk, A55 
Defoamer, for paper milk bottles, A83 
Dehorning tool, 
mechanical, A37 
using heat, A37 
Detergents, field test for evaluation of, A85 
Diacetyl, produced with S. diacetylactis, A43 
Dietary needs, for fats, A85 
Direct microscopic count, 
importance of clean glass slides in, A89 
use of 0.01 mi. syringe in, A64 
Disaster, civil, milk controi planning in, A83 
Dispenser, 
for butter, A75 
for canned evaporated milk, A34 
Display case, refrigerated, self-service, for 
dairy products, A60 
Drying operation, multiple unit, central con- 
trol for, A4 
Dwarfism, 
in Aberdeen-Angus cattle, A93 
in Hereford cattle, A93 


preservation of, A57 
Electric current, effect on milk flavor, A97 
Employee grievances, handling of, A24 
Enzyme, lytic, from lactic streptococci, A1l9 
Enzymes, 
chromatographic detection of, A22, A57 
in cheese making, A17 
Equipment, dairy plant, circulation method 
of cleaning, A46 
Escherichia coli, 
in pasteurized milk, Ringeling test for, Al8 
media for identification of, A3 
Estrogen, effect on electrolyte levels in bovine 
body fluids, A7 
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Estrus, cervical mucosa changes during, A37 
Extraneous matter, 

in butter, A73 

in cheese, control of, A75 
Extrusion device, for butter, A75 


Far DETERMINATION, 
in cheese, 
Gerber test for, A21 
by Roeder method, A34 
in dried milk, A34 
in milk, 
by Gerber test, A34 
by Rose-Gottlieb method, A34 
Fat globules, birefringent layer of, physical 
structure of, A87 
Fat tissue, methoxychlor in, determination 
of, A43 
Fats, 
dietary need for, A85 
— in, iodometric determination of, 
5 


Fatty acids, 
binding of, to serum albumin, A4 
in summer butter, A90 
separation of, by chromatography, A90 
synthesis of, acetate utilization in, A39 
Feed supplement, A80 
Feed, thyroprotein, method of making, A67 
Fermentation, heterolactic, products of, A20 
Field tests, for detergent evaluation, A85 
Flies, on cattle, 
insecticides for, A93 
sprayers for, A93 
Fluoridation, of milk, A84 
Fluorine, in water, effect on cattle, A41 
ae irradiation of, evaluation of degree of, 
Food distribution, changes in pattern of, A79 
Food handlers, bacteria on hands of, A3 
Food product, from whey, A50 
Food products, 
liquid bottled, sterilization of, A88 
spray dried, gas packing of, A88 
Foeds, canned, 
c ‘tinuous sterilizer for, A36, A88 
cc.sing of, A78 
processing of, A78 
Foods, liquid, heat processing of, steam in- 
jection for, A35 
Foodstuffs, radiation treatment for prescrva- 
tion of, A57 
Food supplement, for poultry, A88 
Food venders, 
automatic, A24 
for ice cream, A27, A60, A69 
for milk, All, A84, A96 
Sanitary aspects of, A30 
Fortified skimmilk, 
flavor of, A96 
keeping quality of, A96 
Frozen confection, A70, A81 
apparatus for making, A44 
bagging of, A95 
continuous freezer for, A26 
drying of, A95 
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freezer for, AZ7 
mold for, A27 
mold defroster for, A27 
packaging method for, A69 
vegetable fats in, A70 
with vegetable fat, legal definition of, Al4 
Frozen custard machine, A94 
Frozen desserts, 
vegetable fats in, A82 
vegetable oils in, A95 
Fructose, -heterolactic fermentation of, prod- 
ucts of, A20 


Gatacrose, synthesis of, in mammary 
gland, A71 
Galactose-containing compound, from mam- 
mary gland, A84 
Genital tract, bovine, pleuropneumonia-like 
organisms from, A15 
Germicides, chemical, use of, A30 
Glucosan, produced by rumen protozoa, A24 
Glucose, 
as precursor of lactose, A71 
— to galactose in mammary gland, 
A71 


Goat, rumen digestion studies on the, A92 

Grain, moisture determination of, A80 

Growth promoting factors, for L. 
chromatography of, A10 


caseét, 


Harventnc TUNNELS, for ice cream, 
A94 
Hay, moisture determination of, A80 
Heat exchanger, continuous, for food prod- 
ucts, A52 
Heifers, 
fertility of, 
effect of Ca and P intake on, A5 
phosphorus intake and, A68 
ovarian activity of, phosphorus intake and, 
A68 


Holder, for ice cream cans, A82 
Homogenizer, 
centrifugal type, A44, A58 
for milk, A36 
Hydrogen peroxide, use in canning fresh milk, 
A71 


Hyperkeratosis, bovine, attempts to produce, 
Al 


Ice CREAM, 
banana puree for, frozen, A54 
black walnut oil flavoring for, A26 
building half-gallon sales of, Al4 
bulk, in dips, A82 
butter oil in manufacture of, A81 
candy as flavor source for, A13, A38 
citrus flavor for, A69 
continuous freezing of, A68 
cost of, trends in, Al2 
delivery of, on retail routes, A38 
emulsifier for, A81 
half-gallons packaged automatically, A95 
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hardening tunnels for, A94 
high fat, Al2, A69 
home freezer storage for, A27 
ice-cream-a-teria for, Al4 
insulated “carry home” bags for, A38 
overwrap package for, A13, A27, 
A6 
liquor ice, A95 
low lactose solids for, A25 
manufacture of, 
new method of, A6 
with compressed refrigerant, A68 
merchandizing of, consumer research as an 
aid in, A60 
novel retail outlet for, A82 
nuts for, A13 
overrun control of, A69 
price for, relation ‘of profit to, ASS 
profits in, relation of prices to, A53 
retail prices for, A70 
sales analysis of, A60 
scoop for pie-shaped portions of, A60 
shrinkage of, A37, A82 
factors affecting, A45 
soft, mixes for, Al2 
softened, apparatus for making from hard 
ice cream, A66 
stabilization of fruit for, A69 
stabilization of frozen fruit for, A26 
stabilizer for, A54, A81 
stabilizers for, study of, A25 
state standards of, for 1951, Al4 
sugar content preferred, A94 
vanilla, flavor of, effect of sugar on, A68 
variegated, 
method of making, A26 
stabilizers for, A45 
vending machines for, A27, A60 
walk-in delivery truck for, A13 
whipping apparatus for, A66 
Ice cream agitator, A66 
Ice cream bar, 
automatic of, 
wrapper for, A 
Ice cream bon-bons, A13 
Ice cream cabinets, self-service, A27 
Ice cream cake, mold for precut, A27 
Ice cream cans, holder for, A26, A82 
“= — cone, automatic machine for filling, 
Ice Pag composition, need for revaluation 
ol, 
Ice cream container, half-gallon, standardiza- 
tion of, A26 
Ice cream dipper, A6 
Ice cream emulsifier, A81i 
Ice cream freezer, A44, A66, A78 
continuous, A26 
ice and salt type, A26 
portable, motor driven, A68 
support for, A54 
Ice cream hardening rooms, new developments 
in, A51 
Ice cream indust:y, 
history of, 
role of credit in, A46 
Ice cream management, statistics for, All 
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Ice cream mix, 
coniinuouus process for making, A94 
fat tests for, A21 
HTST pasteurization of, Al2, A45 
effect of, A25 
in vacreator, A26 
modified Babcock test for, A82 
pasteurized, addition of emulsifiers to, A45 
production tips, Al2 
pushbutton mixing of, A94 
Ice cream novelties, 
mold for, A27 
mold defroster for, A27 
mold for precut cake, A27 
Ice cream parfait pie, A69 
Ice cream plants, 
cleaning aids for, A46 
modernization benefits in, A59 
simplified laboratory equipment for, A45 
Ice cream research, progress in, A59 
Ice cream sales, 
by vending machines, A69 
in food stores, A69 
of bulk ice cream, A70 
on retail milk routes, A46 
retail outlet for, A82 
Ice cream sandwiches, 
automatic process for, A13 
carton for making, A55 
Ice cream stabilizer, A81 
Ice cream stabilizers, study of, A25 
Ice cream trucks, refrigeration of, take-off 
power units for, A46 
Ice milk, 
low-fat, high-protein, A60 
mixes for, A70 
Infrared lamps, for softening butter, A57 
Inhibitory substances, in milk, testing for, A65 
Insulin, effect on fat synthesis, A97 
Ion exchange resins, 
lactose purification with, A21 
lactose recovery with, A21 
Iron, in butter, determination of, A87 


J OHNIN TEST, on cattle sensitized with M. 
paratuberculosis, Al 


ABORATORY EQUIPMENT, simplified 
for ice cream plant, A45 
Lactalbumin, 
for human consumption, A77 
hydrolyzing process for, A35 
purification of, A90 
Lactic acid, 
colorimetric determination of, A90 
in silage, determination of, A35 
Lactic streptococci, in Edmonton milks, A76 
Lactobacilli, antibiotic from, A20 
Lactobacillin, from lactobacilli, A20 
Lactobacillus casei, growth stimulating factors 
for, 
Lactose, 
purification of, ion exchange resins for, A21 
recovery of, 
from mother liquor, A35 
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ion exchange resins for, A21 

synthesis of, from glucose, A71 
Lactose syrup, noncrystallizing, A50 
Leptospirosis, experimental, in calves, Al 
Leuconostoc specie, cause of gas defect in 

cheese, A89 
Liquor ice, A95 
Lysozyme, preparation of, from ass milk, A58 


Mammary GLAND, 
anatomy of, A49 
experimental Q fever infection in, Al5 
galactose-containing compound from, A8+ 
glucose conversion to galactose in, A71 
reducing substances from, A84 

Mammary gland extracts, sugar chromatog- 
raphy of, A84 

Manganese, in butter, determination of, A87 

Margarine, bacteriological studies on, A3 

Mastitis, 
—" treatment of, problems caused by, 


bacteria causing, effect of QAC on, A65 
Cryptococcus neoformans as cause of, A63 
Media, 
for identification of E. coli, A3 
for plating milk, A64 
Methoxychlor, in fats, determination of, A43 
Methylene blue test, compared to resazurin 
test, A34 
Microorganisms, in butter, catalase test for 
detection of, A87 
Milk, 
agitation of, by air, All 
ass, lysozyme prepared from, A58 
bottled, 
dating of, A55 
sterilization of, A88 
bulk, 
dispenser for, A84 
handling on the farm, A83 
butyric acid fermentation in, prevention of, 
A89 
calcium ions in ultrafiltrate from, A66 
canned, puncturing dispenser for, A76, A88 
canned fresh, A61, A7i, A83 
cartoned, refrigeration device for, A96 
Se of, effect of antibiotics on, 
Al 
chemicals obtained from, A77 
chloride determination for, A21 
chocolate, 
nutritional value of, A29 
place in school lunchroom, A56 
clarification of, study of, A27 
class II, pricing of, A58 
cold, separator for, A58 
coliform organisms in, Al8 
concentrated, manufacture of, A76 
constituents of, effect of heat on, A21 
cooling tank for, A81, A93, A94 
— added to human milk, detection of, 
A78 
dating of, A91 
— cooling of, bacterial growth during, 
A 
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delivery costs of, reducing, A53 
determination of 2,4-D in, A22 
direct microscopic grading of; A43 
importance of clean glass slides in, A89 
use of 0.01 ml. syringe in, A64 
distribution of, 
between separator discs, A+ 
trends in, A53 
door-step delivery, pros and cons of, A53 
dried, 
analysis of with nomograms, A88 
apparatus for removing from drier drum, 
A58 


conveyor for, A36 
device for reconstituting, A18 
gas packing of, A88 
Gerber- van Gulik fat test of, correction 
equation for, A34 
lactates in, detection of, A90 
maintaining uniformity in, A33 
microscopic examination of, A33 
neutralizers in, detection of, A90 
dye reduction time of, refrigerated storage 
and, A43 
Edmonton, lactic streptococci in, A76 
effect on life span of rats, A84 
equilibrium systems in, A90 
evaporated, 
dispenser closure for cans of, A6 
plastic dispenser for cans of, A34 
puncturing dispenser for, A76, A88 
sweet curdling of, A88 
thermal resistance of B. subtilis in, A9 
farm cooler for, A81, A93, A94 
fat emulsion in, chemistry of, A10 
fat test for, 
Gerber, A34 
Rose-Gottlieb, A34 
fatty acids of, acetate in synthesis of, A39 
flavor of, 
clover in pastures and, A91 
effect of dried citrus products on, A5 
flocculation of casein in, A77 
flow line sampler for, A52 
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oxidized flavor in, 
electric current and, A97 
influence of feed upon, A67 
packaging of, trends in, A53 
paper container for, A39, A70 
pastcurization of, compulsory, reasons for, 
A50, A70, A83 
pasteurized, 
—— count after refrigerated storage 
ol, 
by high frequency current, A35 
coliform bacteria in, A50 
E. coli in, Ringeling test for, A18 
PH of, relationship of titratable acid to, A4 
phosphorus-containing compounds of, A77 
phosphorus partition in, A97 
preservation of, 
by radiation, A28 
methods of, A10 
use of soluble chlorites for, A19 
psychrophilic bacteria in, A89 
—_ of, nitroreductase test in evaluating, 
raw, psychrophilic bacteria in, A89 
reconstituted, for fluid purposes, A33 
refrigerated, dye reduction time of, A43 
removal of entrapped air from, A23 
resazurin test for, A89 
sales of, 
in half-gallon containers, A55 
utilizing nutrition research in, A61 
skim, 
cultured, effect on growth of pigs, A57 
titration curve for, A96 
vitaminized, fortified, 
flavor of, A96 
keeping quality of, A96 
soft curd, A29 
strainer for, A81 
tanker pick-up of, A55 
temperature conditioning tank for, A28 
titratable acidity of, relationship to pH, A+ 
udder samples of, tray for examining, A37 
vending machines for, A5, All, A84, A96 


fluoridated, A84 
freezing point values for, A22 
fresh concentrated, A34 


Milk agitator, for milk cans, A37 
Milk boiler, A71 
Milk bottle, 


Friesian, composition of, A90 
home pasteurizer for, A95 
homogenized, control of sediment in, A28 
homogenizer for, A36 
human, 
composition of, A29 
cows’, milk added to, detection of, A778 
processing and use of, A29 
inhibitory substances in, testing for, A65 
Jersey, composition of, A38 
lactates in, detection of, A90 
media for plating, A64 
methoxychlor in, determination of, A43 
Mycobacterium in, A88 
neutralizers in, detection of, A90 
New Zealand, riboflavin content of, A29 
non-fat dry, 
cheese milk standardized with, A75 
in bread, consumer preference for, A6 
in breadmaking, use of, A33 


cap and closure for, A6 
capping device for, A52 
case for, A28 
cream remover for, A6 
doorstep holder for, A96 
foil cap for, A95 
for preventing light-induced off-flavors, A70 
holding rack for, A28 
household holder for, A28 
laminated foil caps for, A96 
paper, A39, A70 
Canco type, ~ 
lip protector for, A96 
with water-shedding top, A84 
cream dispenser in, A84 
filler for, A39 
plastic holder for, A84 
pouring device for, A71 
waxes for, A95 
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Milk can, A81 
agitator for, A37 
conveyor for, A5 
cooler for, A45 
dumping apparatus for, A66 
evaporated, 
holder for, A76 
punch for, Al8, A76, A88 
hand cart for transporting, A6 
lifting device for, A81 
siphon for filling, A83 
vacuum filling of, A81 
Milk can conveyor lines, control of milk intake 
by, A5l 
Milk consumption, in the world, A56, A70 
Milk control plans, for civil disaster, A83 
Milk cooler, farm, A81, A93, A94 
side opening, A94 
Milk cooling tanks, coldwall, A93 
Milk drinks, 
bacterial counts of, A95 
cocoa-milk concentrate for, A56 
mixing machine for, A55 
Milk ejection, effect of stimulus on hormone 
for, A29 
Milk fat emulsion, chemistry of, A10 
Milk fat synthesis, 
effect of insulin on, A97 
from acetic acid, A97 
Milk filter, A38 
Milk flavor, 
effect of dried citrus products on, A5 
electric current and, A97 
Milk plant equipment, sanitation of, A46 
Milk plants, also see “dairy plants” 
Milk processing, control systems for, A23 
Milk product, for breadmaking, 
from skimmilk, A76 
from whey, A76 
Milk production, of the werld, A56, A70 
Milk products, 
as poultry feed supplement, A88 
coliferm organisms in, A18 
moisture tester for, A58 
pricing regulations for, relationship of pub- 
lic health to, A31 
sales of, utilizing nutrition research in, A61 
Milk protein products, A35 
Milk proteins, 
— blood amino acids incorporated into, 
A3 


recovery process for, A77 

Milk quality, sediment testing program and, 
A38 

Milk routes, frozen orange concentrate on, 
All 


Milk samples, 
composite, refrigerated cabinet for, A28 
preservation of, A66 

Milk sanitation ratings, A61 

Milk secretion, two-phase theory of, A29 

Milk shipments, interstate, national program 
for, A60 

Milk solids-not-fat, need for price revision of, 
A91 

Milk storage rooms, aluminum reflective in- 
sulation for, A51 
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Milk strainer, A6, A81 
enclosed, disc-type, A37 
Milk substitufes, for infants, A76 
Milk supply, 
for Rio de Janeiro, A96 
improvement program for, A19 
Milk tank cars, rail, mechanical refrigeration 
units for, A51 
Milk tanks, shaft sealing arrangement for, A66 
Milk truck, delivery, refrigerated, A28 
Milks, fermented, 
preparation of, A77 
properties of, A77 
Milk venders, A5, All, A84, A96 
automatic, 
Milking barn, design for, A59 
Milking machine, A44, A81, A94 
aliquot sampler for, A44 
automatic teat cup release for, A6 
control device for, A25 
cooling attachment for, A94 
discharge device for, A37 
milker claw for, A37 
milk trap for, A25 
portable, A6 
rubber parts of, lye solution for, A7 
sampling attachment for, A6 
teat cup liner for, A6, A81 
Milking machine parts, circulating cleaning 
device for, A61 
Mixer, for milk drinks, A55 
Moisture determination, of feeds, A80 
Moisture tester, Dietert, A58 
Mold growth, on cheese, 
antibiotics for prevention of, A42 
chemicals for prevention of, A42 


Nevur RALIZERS, detection of, 
in dried milk, A90 
in fluid milk, A90 
Nipagin, prevention of mold growth on cheese 
with, A42 
Nisin, 
assay method for, A20 
assay of, by resazurin test, A34 
preduction of by S. lactis, A19 
Nomograms, in analysis of dried milk, A88 


Oestrvs, in cattle, suppression of after 
mating, A68 
Oily flavor, in butter, unsaturated carbonyl 
compounds and, A65 
Oleomargarine, bacteriological studies on, A3 
Oxidized flavor, in milk, 
electric current and, A97 
influence of feed on, A67 


P AINT, fungistatic, testing of, A3 
Pasteurization, 
by high frequency current, A35 
compulsory, reasons for, A50, A70, A83 
efficiency of, evaluation of, A9 
HTST, of ice cream mixes, Al2, A25, A26 
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Pasteurizer, A95 
HTST, testing of type 2 SKd, A35 
Penicillin, effect on Staph. pyogenes mammary 
infections, A41 
Peptides, spectrophotometric analysis of, A4 
Peroxidase, salivary, A30 
Peroxides, in fat, iodometric titration of, A57 
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nutritional and biochemica 


PEPTONES AND HYDROLYSATES 


for Microbiological Culture Media 


Difco peptones and a ro are prepared to meet the diversified 
requirements of microorganisms. A single 


tone cannot provide the essential nitrogenous nutriments for all 
tural and metabolic processes. Difco peptones and hydrolysates have 


been developed to meet the various requirements for microbiological 


cedures including growth, a oc, of toxin and vaccines, and for 


the study of microbial metabolis 


BACTO-PEPTONE is most widely used in the 


preparationof routineculturemedia. Itisrich 
in readily available forms of nitrogen, and 
in a one per cent solution it is sparklingly 
clear with areaction of pH7.0. Bacto-Peptone 
is specified in the formulae recommended 
in ‘Standard Methods of Water Analysis” 
of the American Public Health Association. 


BACTO-TRYPTOSE is a peptone which was 


originally developed for cultivation of the 
Brucella. A two per cent solution, as the 
sole source of nitrogen, is an excellent 
substitute for the meat infusion generally 
employed for propagation of the Streptococcs, 
Pneumococci, Meningococcs and other 
discriminative bacteria. 


PROTEOSE PEPTONE is universally used in 


the preparation of media for elaboration of 
diphtheria toxin. It is also an excellent 
nutriment for use in media designed for the 
production of other bacterial toxins such 
as those of scarlet fever and botulinus. 


PROTEOSE PEPTONE NO. 3 is particularly 


suitable for use in culture media employed 
for isolation and propagation of Neésseria 
gonorrhoeae and Corynebacterium diphtheriae. 


NEOPEPTONE is especially recommended as an 


ingredient of culture media for isolation 
and study of Streptococci, Pneumococct and 
Fungi. Media prepared with Neopeptone 
are most satisfactory for cultivation of 
Streptococcs in the smooth or mucoid 
phase. Fungi produce typical characteristic 
colonies on solid media prepared with 
Neopeptone. 


BACTO-CASITONE is a 


BACTO-TRYPTONE is especially adapted for 


the elaboration of Indol and for use in media 
to detect Hydrogen Sulfide production. 
This peptone is recommended in ‘Standard 
Methods for the Examination of Dai 
Products” of the American Public Healt 
Association for the medium used in milk 
counts, 

creatic digest 
of casein recommended for use in the 
preparation of media for sterility testin, 
according to standard procedures, an 
for the preparation of media requiring 
an enzymatic hydrolyzed casein. 
Bacto-Casitone can be used for the detection 
of Indol production by microorganisms, 
since it has a high tryptophane content. 


BACTO-CASAMINO ACIDS is an acid 


hydrolyzed casein originally prepared for 
the production of di htheria toxin in 
peptone free media, and since adapted for 
other toxins and vaccines. Iron, copper, 
and other heavy metals have been removed 
from Bacto-Casamino Acids. This 
hydrolysate is excellently suited for 
nutritional studies of microorganisms. 


BACTO-CASAMINO ACIDS TECHNICAL is an 


acid hydrolyzed casein recommended for 
use in media where amino acids mixture 
are required as a source of nitrogen, and 
the sodium chloride content is not a 
limiting factor. Bacto-Casamino Acids 
Technical is of ticular value in 
nutritional studies of bacteria. 


BACTO-VITAMIN FREE CASAMINO ACIDS 


is acid hydrolyzed casein, free from 
vitamins. It is recommended for the 
preparation of media for microbiological 
assay of vitamins and tryptophane. This 
hydrolysate is a valuable aid in studies of 
gtowth requirements of microorganisms. 


Specify “DIFCO” 


DiFco LABORATORIES 


DETROIT 1, MICHIGAN 
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